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ana CENTRIFUSE 


Brake Drums 





Dealers and salesmen of 10 leading makes 
find Centrifuse Brake Drums—most vital 
brake improvement since the introduction 
of 4-wheel braking—a sale-deciding factor 
of the first order. 





They find it pays them to emphasize in their sales 
work the greater dependability, easier control and 
constant brake safety that are built into— AND 
STAY WITH every car equipped with Centri- 
fuse Brake Drums. 





The more the prospects take increased power and 
speed of the new cars for granted, the keener, 
more natural, is their interest in new braking 
efficiency made necessary by changed driving 
standards—particularly free wheeling. 





Ten car makers now use Centrifuse Brake Drums 
as standard equipment. If the make YOU sell is 
one of them, be sure to tell your prospects of the 
uniquely constructed Centrifuse that gives quicker, 
softer, surer, safer braking action, and keeps giving 
rR, without adjustment, more than 5 times longer! 


The story of the Centrifuse Brake Drum and itsnew 
and different efficiency is told in an illustrated 
booklet that should be read by every interested 
dealer and salesman. Write for a copy. It is free. 











MOTOR WHEEL CORPORATION, Lansing, Michigan 


Manufacturers of Demountable Wood, Steel and Wire Wheels . . . Forged Spoksteel Truck, Bus and Trailer 


Wheels .. . Stampings. 


. - Sole Producers of Centrifuse Brake Drums 































Prepare for Prosperity! 


Attend Six-Day Summer Meeting at White Sulphur Springs 
and Learn What Is New in the 


yw the weather is stormy or 
otherwise unsuitable for fishing, 
the fisherman mends his nets. That is, 
the wise and provident fisherman does. 
His short-sighted neighbor lifts a 
mournful voice in lamentation and acts 
as if the rainy season were to be per- 
petual. 

In a time of economic depression, 
when business activity seems to be at a 
standstill, the far-sighted man uses the 
present to prepare for the future. 

An opportunity for the forward- 
looking automotive engineer to get 
ready for the days of prosperous activ- 
ity that sooner or later are bound to 
come will be afforded this month by the 
Society’s Summer Meeting, which will 
be held at White Sulphur Springs, 
W. Va., June 12 to 17. During those 
six busy days, 22 comprehensive and 
authoritative papers will be presented 
at 11 technical sessions, and the men 
attending those sessions will be enabled 
to obtain uptodate information about 
the newest developments in the various 
branches of the industry. 


\ Diversified Program 


The program arranged by the Meet- 
ings Committee, under the chairman- 
ship of Norman G. Shidle, and by the 
committees representing the various 
Professional Activities, is a varied one, 
designed to appeal to every member of 
the Society. Abstracts of the papers to 
be delivered are printed on the follow- 
ing page, and the complete program 
will be found on p. 13, facing the ab- 


stracts. 


Some idea of the timely and infor- 
mative nature of the material to be 
presented at the sessions can be ob- 
tained from reading the program and 
the abstracts, but no mere announce- 
ment can do justice to the excellence of 
the papers, addresses and discussion 
that the meeting will bring forth. A 
glance at the program and abstracts 
will, however, suffice to show each pro- 
gressive member of the Society that a 
number of the items scheduled will be 
of intense interest to him; and a more 
careful scrutiny will make him realize 
that the 11 technical sessions contain 
numerous features that he actually 
cannot afford to miss. 


Committee Meetings Important 


Technical sessions are scheduled for 
each morning and evening. The Meet- 
ings Committee, when planning the 
meeting, left the afternoons open, to 
allow enough time for informal ex- 
change of ideas and for the great 
amount of important business. that 
must be transacted in the various com- 
mittee meetings. 

On behalf of the Meetings Commit- 
tee, Chairman Shidle states that each 
session will begin exactly at the hour 
announced, so that ample time will be 
available for discussion, both formal 
and informal, after the papers have 
been presented. 


An Accessible Location 


For the majority of our members, 
White Sulphur Springs is very easy to 
reach. In most cases an overnight jour- 
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Industry! 


ney by rail is all that is required, and 
special railroad accommodations will be 
furnished on June 11 from New York 
City, West Philadelphia, Baltimore, 
City of Washington, Detroit, Cleveland 
and Toledo. The special cars will reach 
White Sulphur Springs on the morning 
of Sunday, June 12, in time for break- 
fast at the Greenbrier Hotel and a day 
of recreation before the serious busi- 
ness of the convention begins at the 
General Session that evening. Con- 
densed railroad schedules for the spe- 
cial trains were enclosed with the pro- 
gram that was mailed to all members 
on May 20, together with the 1%-fare 
railroad certificates and directions for 
making Pullman reservations on the 
special trains. 

For the return trip, the special trains 
will leave White Sulphur on Friday. 
June 17; those for Detroit and Cleve- 
land at 5:55 p. m. and those for the 
East at 8:00 p. m., Eastern Standard 
Time. Members who attend the meet- 
ing are urged to make their return res 
ervations early in the week. Dinne) 
will be served at the Greenbrier on Fri- 
day evening at an early hour for the 
convenience of those departing by the 
special trains. 

The many members who wish to 
drive to the meeting will find that ex- 
cellent new roads offer them an ideal 
motor trip. They are advised to con- 
sult their local automobile club for 
maps and last-minute information re- 
garding the roads. 

When the programs and other mate- 

(Concluded on p. 19) 








What Motor Cars Should Be.—Be- 
lieving that tradition exerts an all too 
powerful influence on motor-car design, 
Mr. Stout, who is a “free thinker” along 
these lines, can be counted upon to sug- 
gest many new ideas concerning lighter 
and stronger structures, better body 
shapes and many other features that 
can profit by the application of the 
right sort of practical imagination. Mr. 
Stout’s points on design will be inter- 
mingled with a wealth of refreshing en- 
gineering philosophy. 


Use of Trailers with Motor-Trucks.— 
A comprehensive discussion of the gen- 
eral use of trailers and semi-trailers in 
both intrastate and interstate transpor- 
tation. 


Piston-Ring Progress.—This paper 
brings to the attention of the industry 
new gages and test apparatus by which 
piston-ring performance can be pre- 
determined. A _ radial-pressure _ scale 
that measures the actual resultant 
pressure exerted on the cylinder wall by 
a piston-ring, and a roller gage that 
enables one to feel with his fingers the 
pressure exerted on the wall at 17 
points around its entire circumference, 
will be exhibited at the meeting and 
featured in the paper. 


Frame Design with Reference to Car 
Stability.—The limitations of both flex- 
ible and rigid frames are considered. 


Power Brakes for Trucks and Trail- 
ers—Air Type.—Component parts of 
the air-brake system are described, and 
considerable emphasis is laid upon the 
automatic feature of the trailer equip- 
ment that applies the brakes in case of 
a break-in-two. A scheme for indepen- 
dent control of trailers and another au- 
tomatic emergency scheme for trucks 
are described. 


Power Brakes for Trucks and Trail- 
ers—Vacuum Type.—The author of this 
paper does not attempt to cover all the 
forms and types of vacuum-operated 
brake but concentrates on the installa- 
tion and hookups to tractors and irail- 
ers, and the boosters and valves used. 


What Can Be Seen with Headlights. 
—A report of research, conducted under 
actual operating conditions, indicating 
quantitatively the effect and interrela- 
tion of the most important variables on 
the visibility of the roadway and objects 
upon it. 


Development of Fixed-Focus Head- 
lighting Equipment.—The whys and 
wherefores of fixed-focus head-lamps. 
A critical technical analysis of this 
Country’s prevailing type of lighting 
equipment. 


Free-Wheeling Devices and Control. 
—After defining free-wheeling and dis- 
cussing various types of free-wheeling 
device, the author describes the design 
of various parts of the roller-ratchet 
type and the design of a coil-spring 
type, and discusses the metallurgical 
consideration of the different parts, lu- 
brication requirements and limitations, 


Contents of Summer Meeting Papers 


control mechanisms, general desien of 
the free-wheel unit in relation to the 
transmission and possible future devel- 
opments. 


Brake-Drum Metallurgy.—The au- 
thor asserts that grain structures de- 
sirable for the braking surfaces of 
drums can be obtained by certain meth- 
ods of manufacture regardless of the 
particular design employed. His paper, 
illustrated by micro-photographs, dis- 
cusses the different kinds of wear found 
on braking surfaces and points out the 
importance of maintaining careful con- 
trol of material, processes and temper- 
atures in the manufacture of drums. 


Brake-Lining Problems.—In an an- 
thoritative technical paper, the author 
gives an impartial view of the various 
factors involved in brake-lining prob- 
lems. 


Where Do We Go from Here? — 
Where we have been, and the reasons 
for the progress made in automobile 
design, manufacture and sale. Where 
we are going from here, and how ex- 
perience points the way to possible 
future developments. 


Engineering Application Relative to 
Automotive-Body Die Development.— 
The value of engineering in the devel- 
opment of the automobile-body die in- 
dustry. Past and present problems, as 
well as those of the future. 


Doughnut Tires—The paper discusses 
punctures, blowouts, air pressures, 
wheel and tire weights, jacks, brakes, 
safety, rideability, roadability and ma- 
neuverability of super-balloon tires. 


Application of Aerodynamics to the 
Present Automobile.—Stating that good 
airplane practice is not necessarily 
good automobile practice, the author 
presents the exact results of recently 
finished extensive aerodynamic studies 
of automobiles. Among other interest- 
ing facts, he explains why, for least 
resistance, the motor-car should not 
have the maximum cross-section one- 
third of its length back from the front. 


Ignition Quality of Diesel Fuels as 
Governed by Thermal Stability and Ex- 
pressed in Cetene Numbers.—The meth- 
od of determining the ignition quality 
of Diesel fuels in terms of cetene num- 
bers as used for routine work is de- 
scribed. Cetene numbers of Diesel fuels 
are comparable with octane numbers of 
gasolines. Correlation with different 
engines and different methods is shown, 
and the influence of viscosity, tempera- 
ture, load and the like is discussed. 
Thermal stability and not the oxidizing 
tendency is shown to be the deciding 
factor in ignition quality. Ignition and 
combustion processes are analyzed on 
the basis of typical engine diagrams 
and the relative importance of ignition 
quality as a fuel characteristic and the 
guiding principles for designing en- 
gines are presented. 


Vapor Pressures of Automotive Diesel 
Fuels.—From vapor-pressure measure- 
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ments made on approximately 20 dis- 
tillate fuel-oils over a wide temperature 
range in each case, the conclusion is 
drawn that vapor pressures can be esti- 
mated from distillation data and hence 
it is possible to determine from the data 
how high the oil may be heated without 
encountering vapor lock in Diesel-fuel 
feed systems. 


Design Factors and Combustion Con- 
trol Determine Future of Automotive 
Diesels.—The author tells how factors 
in design govern the commercial accept- 
ability of the high-speed Diesel engine 
and places special emphasis on combus- 
tion control through the medium of the 
after-chamber. 


Highways of the Skies Linking the 
Americas.—A picturesque, graphic story 
of the problems involved in the estab- 
lishment of international air transpor- 
tation in South America and the West 
Indies. Illustrated by motion-pictures 
with sound. 


Journal-Bearing Characteristics in 
the Region of Thin-Film Lubrication.— 
This paper covers an extension of lubri- 
cation research into the region of thin- 
film lubrication where the bearing is 
operating under unstable conditions. The 
results indicate that, in this region, 
bearing friction, and hence the heat de- 
veloped, is not a function of ZN/P but 
is dependent also upon the particular 
values of the operating variables. A 
comparison of the running-in character- 
istics of babbitt metal and bronze is 
also included. 


Effect of Temperature on the Deter- 
mination of Gum in Gasoline.—Dealing 
with the effect of temperature of evap- 
oration on the measured gum-contents, 
this paper shows that the measured 
gum-content becomes less as the temper- 
ature of evaporation is increased but 
that the relative gum-contents of a 
series of gasolines are independent of 
the temperature of evaporation. Accord- 
ingly, any convenient volume of gaso- 
line and any convenient temperature 
can be employed for the determination 
of gum contents. Further, the relative 
values thus obtained should correspond 
closely with the relative weights of gum 
deposited in the engine manifold by 
these gasolines. 


Effect of Humidity on Engine Per- 
formance.—That atmospheric humidity 
has an effect on engine power has been 
recognized for some time but some 
doubt existed for a time as to whether 
the effects observed were proportional 
to the relative or to the absolute hu- 
midity. A series of tests made in an 
unusual way decided this point conclu- 
sively. These tests and others augment- 
ing the range of conditions and the fac- 
tors covered are discussed. Since varia- 
tion of humidity affects power to an 
extent roughly equal to that resulting 
from barometric variation, the results 
of automotive-engine tests should be 
corrected to standard dry-air condi- 
tions, as is already done in the case of 
aircraft engines. 
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Sunday, June 12 
GENERAL SESSION—8:30 P. M. 
What Motor Cars Should Be—W. B. Stout, Stout En- 
gineering Laboratories, Inc. 


Monday, June 13 
TRANSPORTATION AND MAINTENANCE SESSION 
10:00 A. M. 
Use of Trailers with Motor-Trucks—J. W. Cottrell, 
Chilton Class Journal Co. 
ENGINE AND FRAME SESSION—8:30 P. M. 
Piston-Ring Progress—R. R. Teetor and H. M. Bram- 
berry, Perfect Circle Co. 
Frame Design with Reference to Car Stability— 
C. R. Paton, Packard Motor Car Co. 
Tuesday, June 14 
MoToR-TRUCK AND MOTORCOACH SESSION—10:00 A. M. 
Power Brakes for Trucks and Trailers—Air Type 
S. Johnson, Jr., Bendix-Westinghouse Automotive 
Air Brake Co. 
Power Brakes for Trucks and Trailers—Vacuum 
Type—R. P. Breese, Bragg-Kliesrath Corp. 
SEMI-ANNUAL BUSINESS SESSION—8:30 P. M. 
President A. J. Scaife in the Chair 
HEADLIGHT SESSION 
What Can Be Seen with Headlights—H. C. Dickinson, 
Bureau of Standards 
Development of Fixed-Focus Headlighting Equipment 
—R. N. Falge, General Motors Corp., and W. C. 
Brown, General Electric Co. 





Wednesday, June 15 
CHASSIS SESSION—10:00 A. M. 
Free-Wheeling Devices and Control—A. M. Wolf, Con- 
sulting Engineer 
Brake-Drum Metallurgy—F. L. Main, Kelsey-Hayes 
Wheel Corp. 
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Brake-Lining Problems—Chris Bockius, Raybestos- 
Manhattan, Inc. 
Bopy SESSION—8:30 P. M. 
Where Do We Go from Here?—F. S. Spring, Hudson 
Motor Car Co. 
Engineering Application Relative to Automotive-Body 
Die Development—F. L. Frailich, Briggs Mfg. Co. 


Thursday, June 16 
FUTURE DEVELOPMENT SESSION—10:00 A. M. 
Doughnut Tires—B. J. Lemon, United States Rubber 
Co. 
Application of Aerodynamics to the Present Motor- 
Car—H. G. Winter, Briggs Mfg. Co. 
DIESEL ENGINE SESSION—10:00 A. M. 
Ignition Quality of Diesel Fuels as Governed by 
Thermal Stability—G. D. Boerlage and J. J. 
Broeze, Bataafsche Petroleum Co., Delft, Holland. 
Vapor Pressures of Automotive Diesel Fuels—E. W. 
Aldrich, Bureau of Standards 
Design Factors and Combustion Control Determine 
Future of Automotive Diesels—R. P. Ramsey, 
Buda Co. 
AIRCRAFT SESSION—8:30 P. M. 
Highways of the Skies Linking the Americas—V. E. 
Chenea, Pan-American Airways System 


Friday, June 17 
RESEARCH SESSION—10:00 A. M. 
Journal-Bearing Characteristics in the Region of 
Thin-Film Lubrication—S. A. McKee and T. R. 
McKee, Bureau of Standards 
Effect of Temperature on the Determination of Gum 


in Gasoline—O. C. Bridgeman and J. C. Molitor, 
Bureau of Standards 


Effect of Humidity on Engine Performance—H. H. 
Allen and D. B. Brooks, Bureau of Standards. 











Philadelphia Still Leads! 


Northwest Section Jumps from Sixth to Second Place in 


Get- Your-Man Campaign 


HE Philadelphia Section still 

remains the early bird and to 
date still has the worm. Since the 
May issue of THE JOURNAL, a 
number of gains have been made 
by other Sections, with the result 
that they have stepped up over 


some of their nearest competitors. 


The race for second place took 
on a decidedly new turn when the 
Northwest Section jumped from 
sixth place as shown in the May 
issue of THE JOURNAL to second 
place on May 23, bettering the per- 
centages made by the Indiana and 
the Canadian Sections. 

With two months more to go and 
continued activity on the part of 
the Section organizations, it is 
probable that still more surprising 
changes will be recorded before the 


final result is announced. 


President Scaife Asks Cooperation 


Already, the returns assure the 
Get-Your-Man campaign of reason- 


able success, but this is not 


GET YOUR MAN 7] 











Section Standing, May 23 


Applications, 
Per Cent 
Place Section of Quota 
1 Philadelphia 54.3 
2 Northwest 37.5 
3 Indiana 35.7 
{ Canadian 34.5 
5 Kansas City 26.2 
6 Baltimore 24.3 
7 Chicago 18.9 
8 Detroit 16.1 
9 Pittsburgh 15.1 
10 So. California 15.0 
11 Metropolitan 14.1 
12 Syracuse 12.1 
13. Wichita 11.8 
i4 St. Louis 9.7 
15 Milwaukee 8.3 
16 Dayton 8.1 
17 No. California 8.0 
18 Washington 7.0 
19 New England 6.0 
20 Cleveland 5.8 
21 Buffalo 3.9 
22 Oregon 0.0 








enough. The results must be 
outstanding. Every member get 
a member and another high rec 
ord of accomplishment will be 
added to the many that have been 
achieved by S.A.E. workers through 
the medium of their professional 
society. 

Our President, Mr. Scaife, has 
brought in several fine engineers, so 


in asking each S.A.E. enthusiast to 
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get one member he knows that it 


can be done and done easily. 


Helps Available to Members 


An attractive booklet that tells 
the story of Society activities and 
advantages is available to any mem- 
ber or prospective member who 
cares to ask for it. Answering the 
questions, Why? What? Who? and 
How?, this 20-page illustrated pub- 
lication should be read by every 
member and passed along to a 
likely prospect. Write and re- 
quest a copy now. 

The Journal, S.A.E. Handbook, 
Transactions and Roster have been 
used to good advantage by those 
who have shown others why tne 
S.A.E. badge is the true Hallmark 
of Automotive Engineering. 

Chairman Alex Taub and his 
Membership Committee are eager 
to be of assistance; they promise to 
give prompt attention to requests 
for information or help along 
membership lines which may be 


sent to the Society’s Headquarters. 


GET YOUR MAN 7] 















































Fred ‘Zeder Calls for 


Engineering Courage 


Fellow S.A.E. Members: 


OUNTLESS developments in our indus- 


try have clearly demonstrated the im- 
portance of engineering leadership. 
In fact, the phenomenal progress of auto- 
motive enterprise has been largely based upon 
the accomplishments of our profession. With 
these facts in mind, it is astonishing that engi- 


neering effort has not been more fully appre- 
ciated. 





Vice-President in charge of Engineering, 
The Chrysler Corporation 


For this state of affairs, engineers themselves are largely respon- 
sible. Strangely enough, many members of our profession have not begun 
to realize that their position is strategic, both industrially and commer- 
cially. Too many are still tolerant of the attitude that an engineer can be 


nothing more than a blue-print specialist whose talent is to be considered 
in the nature of a commodity. 


It is high time for engineers to assert them- 
selves more definitely. 


They must seek opportunities to demonstrate the 
value of exact processes of reasoning when applied to the commercial phases 
of our industry. More engineering thinking is needed in business, and 
more business thinking is needed in engineering. 


No higher profession exists than engineering, but it is the engineer’s 
responsibility to maintain the high standards of this profession by develop- 
ing to the utmost his natural attributes of logical analysis, originality and 
skill. The greatest rewards, both tangible and intangible, will go to those 
engineers who exercise virile courage and breadth of vision in applying 


their services most effectively toward the general advancement of our in- 
dustry. 


Cordially yours, 
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Chronicle and Comment 


The S.A.E. Staff AS A GUIDE to all who have occasion 


to communicate with members of the 
Society’s headquarters staff in New York City, the fol- 
lowing listing of personnel is offered: 


Secretary and General Manager 
John A. C. Warner 


Assistant to the General Manager 
C. B. Whittelsey, Jr. 
Staff contact with Passenger-Car Body Activity and 
with Finance Committee. Office management, adver- 
tising and publicity. 


Manager, Research Department 
C. B. Veal 
Staff contact with Research Committee and related 
groups; also with Meetings Committee and Passenger- 
Car Activity. 


Manager, Standards Department 
R. S. Burnett 
Staff contact with Standards Committee and Divisions; 
also with Production, Motorcoach and Motor-Truck 
and Transportation and Maintenance Activities. 


Manager, Sections Department 
A. J. Underwood 
Staff contact with Sections Committee; also with Air- 
craft, Aircraft-Engine and Diesel-Engine Activities. 


Manager, Editorial Department 
H. W. Perry 
Staff contact with Publication Committee. 


Journal 
Editorial Department management. 


The office of Assistant General Manager was recently 
declared vacant by the Council. 


Every Member 


THUS FAR, the Society’s membership 
Get a Member! 


activities that began four months 
ago under the slogan “Get Your 
Man” have shown good results, especially in view of 
present conditions. A number of our Sections have re- 
corded very creditable achievements in this cooperative 
effort, which of course means that many members have 
brought in new members. 

However, if the enterprise is to be outstandingly suc- 
cessful, you as an individual member must take unto 
yourself the agreeable duty of “exposing” one qualified 
person to the advantages that the Society offers. Very 
little thought and individual effort are required to make 
a dignified presentation of the benefits of membership. 

Booklets, application blanks and other literature are 
available for the asking. 


And Philadelphia 


From the City of Brotherly Love 
Still Leads 


comes a steady flow of applications, 
indicating the interest and loyalty of 
this group of members and their belief in the advan- 
tages and future of their Section and the Society. 

Philadelphia has obtained applications totaling more 
than 50 per cent of its quota! Such activity should pro- 
vide the inspiration to every member to do his part in 
this membership work and the incentive for every other 
Section to equal this splendid record. 
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A Superior Program for 


UNDER the general guidance 
White Sulphur Meeting 


of the Meetings Committee, 
of which Norman G. Shidle 
is Chairman, the Society’s various Activities have de- 
signed and constructed a Summer Meeting program that 
has enough superior features to attract every progres- 
sive engineer who can possibly come to White Sulphur 
Springs this month. A program of the meeting, to- 
gether with abstracts of the papers, will be found on 
pp. 12 and 13 of this issue of THE JOURNAL. 


Kettering Praises 


IN THE COURSE of a magnificent ad- 
S.A.E. Spirit 


dress, presented at the May 9 meet- 
ing of the Detroit Section, C. F. 
Kettering expressed his belief that the world is suffer- 
ing, not from over-mechanization, but from over-exploi- 
tation. He believes that little if any responsibility for 
depressed economic conditions should be placed upon the 
shoulders of engineers. He said that he felt, however, 
very strongly that engineers, with their precise methods 
of thinking, can be counted upon very heavily to correct 
present weaknesses in our economic system. 

It was particularly pleasing to have Mr. Kettering re- 
mark upon the splendid fellowship that exists in the 
Society of Automotive Engineers and in the automotive 
business generally, a situation that he believed does not 
prevail to as high a degree in other competitive 
businesses. 


New Standards 


INSTEAD of holding the general 
Committee Procedure 


Standards Committee sessions 
as heretofore at the Annual and 
Summer Meetings of the Society, all reports of Divisions 
submitted for adoption will be considered and passed 
upon by the Standards Committee, composed of the 
Chairmen of the respective Divisions or their delegated 
representatives, under the new procedure approved in 
principle by the Council of the Society at the Annual 
Meeting last January. The action taken by the Stand- 
ards Committee on the Division reports will be referred 
to the Council as heretofore and reported in the account 
of the Summer Meeting of the Society in the July issue 
of THE JOURNAL. 


S.A.E. Automotive- 


ALL ACTIVITIES within the 
Transport-Code Committee 


Society relating to motor- 
vehicle transportation 
codes and regulations have been assigned by the Council 
to the Automotive-Transport-Code Committee that was 
organized this year. Heretofore this work was assigned 
to subcommittees appointed under the Transportation 
and Maintenance Activity and the Motorcoach and 
Motor-Truck Activity and a special committee that had 
been appointed to cooperate with the Motor-Vehicle Con- 
ference Committee in revisions of the uniform motor- 
coach code that was sponsored by the M.V.C.C. at a gen- 
eral conference in the City of Washington three years 
ago. 

The Society announces that F. K. Glynn, who was 
Vice-President of the Transportation and Maintenance 
Activity last year, has been appointed Chairman of the 
Code Committee. 


Appraising Diesel Engines 


by Air 
Annual Meeting Paper 


| RAKE mean effective pressure is held by the au- 
thor to be inadequate as a measure of Diesel- 
engine capacity, because it fails to distinguish between 
losses in capacity that are chargeable to low volu- 
metric efficiency and losses resulting from imperfec- 
tions in combustion. A study of air capacities assists 
in making this essential distinction and is advocated 
as a better basis for appraisal. Variation in effective 
air supply with speed is regarded as especially impor- 
tant, as acceleration and peak power depend on it. 

Experimental work cited had to do mainly with the 
determination of the percentage of carbon dioxide in 
the exhaust gas, and this is used as a basis for cal- 
culating the quantity of air passing through the 
engine. Conclusions are drawn alse from some exper- 
iments in which the intake air was measured directly 
by an orifice-type meter. 

An excess-air coefficient is set up as the ratio be- 
tween the quantity of air actually passing through 


VER-INCREASING sums of money are being spent 
K to find out what commercial possibilities lie ahead 
of the automotive Diesel engine and to determine, 
if possible, which of the now competing Diesel-engine 
systems have the greater prospect for survival. Hence 
asking whether this increasing investment of capital is 
fully protected against possible errors in the technique 
of appraising the comparative merits of these engines 
becomes pertinent. 

Such appraisals usually are made on the basis of 
well-known rating factors such as torque and specific 
capacity, which, while they involve no inherent error, 
fail to give a complete commercial picture of the Diesel 
engine in question. Both technical thoroughness and 
business prudence make necessary going behind these 
figures and appraising Diesel engines against the yard- 
stick of fundamental physics and chemistry that under- 
lie the performance of all internal-combustion engines. 
Essentially, these are the processes of mixing and com- 
bining fuel and air in the engine cylinder, whereas 
manifestations such aS mean pressure and power are 
only secondary. Particularly, the ability to make good 
use of displaced air is at the focal point of most of the 
technical problems of the Diesel engine, and the returns 
that are to be yielded by investments in Diesel research 
depend largely upon the analysis of this point. 


Budget for Air Supply 


Recognizing that the cubic displacement of a Diesel 
engine is the principal factor governing its weight, cost 
and applicability to vehicles of various classes, the 
skeleton of a budget for capacity has been drawn up 
and is shown in Table 1. 

To give several illustrations of appraising the auto- 
motive serviceability of Diesel engines on the basis of 

Consulting engineer 

See Zeitschrift des 
1930, p. 1151. 

® See The Engineer, Oct. 16, 1931, p. 414 


New York City. 


Vereines Deutscher Ingenieure, Aug. 16, 


Capacity and Speed 
By Julius Kuttner: 


the engine and that theoretically required for the 
work done, on the assumption that combustion con- 
forms to the theoretical mixed-pressure cycle. This 
coefficient is said to register directly the engine’s 
ability to produce power from fuel, and its variation 
with engine speed is regarded as of paramount im- 
portance in evaluating an engine for automotive pro- 
pulsion and thus reducing the commercial hazard of 
launching a new type of engine. 

Discussers give more attention to engine design 
than to the method of evaluation, some advocating 
the undivided combustion chamber, rather than the 
divided which was used in two of the tests reported, 
and others questioning the author’s assumptions on 
stroke-bore ratio. One discusser presents a scale for 
measuring the smokiness of the exhaust and another 
reports an arrangement of injection valves that is 
said to make the turbulence in an antechamber engine 
more uniform. 





TABLE 1—BUDGET FOR AIR SUPPLY OF 


ENGINE 


AN AUTOMOTIVE DIESEL 
Credit Debit 
Effect of High Compression-Ratio 
(1) Dimensional Loss 
Displacement Engines having a stroke-bore ratio of unity 
with bore and are not likely to be practical, and allow- 
stroke equal and ance must be made, at fixed values of 
zero volumetric air speed through valves and fixed 
losses ratios of valve area to piston area, for 
a loss corresponding to the excess of 
stroke-bore ratio over unity. 
(2) Pocketing Loss 
The application of valves of adequate size 
to small combustion chambers leads to 
the formation of pockets containing com- 
pressed air that does not participate 
effectively in combustion. 
(3) Volumetric Loss 


Volumetric loss is often increased by the 
difficulty of fitting adequately large 
valves to small combustion chambers. 

Incomplete 
(1) Deficient Turbulence 

(a) At all speeds (Plain, undivided com- 
bustion chamber) 

(b) At low speeds (Subdivided chamber 
and simple chamber with turbulence 
induced during suction) 

(2) Deficient Compression 


Combustion 


(a) Designed ratio insufficient 
(b) Effective ratio diminished by volu 
metric phenomena 
(aa) Reduction in 
perature 
(bb) Reduction in density 


compression tem- 





air capacity, experimental data have been utilized from 
tests on three Diesel engines as follows: 

(1) A_ single-cylinder open-chamber engine of the 
Hesselman type with a shrouded inlet valve, 
reported by Fritz Schmidt? 

six-cylinder Oberhaensli automotive 
reported by Dr. S. J. Davies’ 
(3) A four-cylinder Oberhaensli engine tested by the 
International Motor Co. under the direction of 
V.C. Young 


(2) A engine, 
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Fig. 1—EFFECT OF STROKE-BORE RATIO WITH CONSTANT 
PISTON SPEED 

Although the single-cylinder machine with 8.27-in. 

bore and 11.8-in. stroke would hardly be considered 


automotive, the tests are unusual because a speed range 
of from 45 per cent to full speed is covered thoroughly 
and the air capacity was checked in three ways: by air- 
meter, by chemical calculations based on inlet air and 
by chemical calculations based on exhaust-gas analysis. 

The six-cylinder engine was tested by air-meter be- 
fore its development had been fully completed, and the 
results give an opportunity for studying deficiencies 
that were removed later. 

The four-cylinder engine was tested by exhaust-gas 
analysis after it had been fully developed for commer- 
cial purposes. 

Principal emphasis is to be laid on the distinction 
between capacity losses, including pocketing of air in 
crannies of the combustion space which are chargeable 
to the combustion process itself, and losses of air occur- 
ring before the compression stroke begins. 


The Stroke-Bore Ratio 


Losses in specific capacity due to the use of high 
stroke-bore ratios, with associated low engine speeds 
for constant air speed past the inlet valve, are well 
known. The attempt to use short ratios for Diesel en- 
gines seriously decreases the size of the combustion 
chamber which is already small because of the high 
compression-ratio. A graphical indication of this in- 
fluence is given in Fig. 1, which shows a series of hypo- 
thetical engines in which the mean piston speed, brake 
mean effective pressure and air speed through valves 
are kept constant by varying inversely the stroke and 
rotative speed while the stroke-bore ratio is taken as 
2,1.5 and1to1. The appreciable difference in engine 


size for an unchanging output of 16 hp. is apparent, 
but possibly the most significant fact is that the height 
of the combustion chamber, assumed to be a dise of the 
same diameter as the cylinder, varies directly as the 
stroke-bore ratio. When this is equal to 1, the chamber 
becomes so flat as to inhibit the combustion of a liquid- 
fuel spray under all but certain exceptional conditions. 
Another way of reaching the same conclusion may be 
shown by the formula 

Hp. = (1) 

Zoou n° Tr 

which gives the output in terms of the brake mean ef- 
fective pressure, the piston speed, the revolutions per 
minute and r, the stroke-bore ratio. According to this, 
very large capacities per cylinder could be obtained by 
merely reducing the value of r, but the resulting con- 
tours of the combustion space would then be more diffi- 
cult to utilize for Diesel combustion. 

Fig. 2 shows the exceptional case of a Diesel engine 
having its stroke-bore ratio 0.936, less than unity. It is 
an M.A.N. submarine Diesel engine of 16.55-in. stroke 
and 17.70-in. bore, in which the disadvantages of an 
excessively flat combustion space are offset by using 
duplicate air-injection fuel-valves. That the best mod- 
ern airless-injection practice will ever be able to ap- 
proach the efficiency of the dual air sprays is not con- 
sidered likely, and for practical purposes not even unity 
stroke-bore ratio can be approached in high-speed air- 
less-injection automotive Diesel engines unless super- 
charging is employed. As far as is now known, it will 
be safe to neglect stroke-bore ratios smaller than 1.3. 
The Packard airplane Diesel engine has a ratio of 1.25, 
and that probably is among the causes of some inade- 
quacies in its performance. 

Fig. 3 shows a Lanova automotive engine for which 
unusually high combustion efficiency is claimed, exceed- 
ing 91 per cent for the ratio of consumed air to avail- 
able air. However, this advantage is paid for in terms 
of an excessively high stroke-bore ratio, 2.15:1, which 
limits the maximum rotative speed of the 
only 3-in. bore to 1400 r.p.m. 


engine of 


Valve Area 


According to Formula (1), large increases in capacity 
could also be obtained by increasing v, the mean piston 
speed, and using valves large enough to keep the air 
speed constant, say at 15,000 ft. per min. Fig. 4 gives 
an indication of what this might lead to, assuming the 
use of a combustion chamber of the undivided type with 
a reasonably good concentration of volume. However, 
providing turbulence in any of the combus- 
tion chambers sketched in Fig. 4, is not easy, and those 
with oblique valve spindles would be subject to manu- 
facturing objections. The smallest one shown, having 
valve spindles parallel to the cylinder center-line, prob- 
ably is the easiest to manufacture, and, as will be shown 
later, it permits subdividing the chamber more readily 
than do the arrangements with larger valves. Such 

ibdivision appears essential for good turbulence and 
brake mean effective pressure at low 
rotative speeds, which are of obvious importance from 
the automotive viewpoint. 

At speeds lower than those corresponding to peak 
torque, the quantity of fuel that can be smokelessly con- 
sumed decreases in relation to the available air. The 
accompanying loss in torque varies markedly from one 
Diesel-engine system to another, generally being more 
pronounced in engines with open chambers than in 
those having subdivided chambers. As the speed falls 
off, the induced turbulence decreases, usually with a 
marked loss in the capacity of the air for uniting with 
the fuel. This effect is so pronounced in some engines 
that they cannot be idled on all cylinders, some of which 
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must be cut out entirely to permit idling at acceptably 
low speeds. Naturally, the pick-up of such engines is 
also deficient, not because the quantity of air present 
in the cylinders is small but because of failure of the 
combustion system to make effective use of the avail- 
able air. 


Dead Pockets 


The extremely brief time available for the formation 
of an air-fuel mixture in a Diesel engine is responsible 
for waste of air that is pocketed in inaccessible crannies 
of the combustion spaces. The high compression-ratio 
of the Diesel engine, with resulting small combustion- 
chamber volume, increases the percentage effect of the 
pocketed air. 

Fig. 5 shows a typical precombustion-chamber Diesel 
engine having overhead valves with parallel spindles and 
a port diameter greater than 0.4 of the bore. To ac- 
commodate valves of this extra large size, valve pockets 
that are large enough to provide mechanical clearance 
around the valve heads at full lift and to assure free 
flow of air or gases must be milled in the upper end of 
the cylinder bore. The air caught in the pockets is 
largely unavailable at the moment of injection and com- 
bustion, and this for all practical purposes offsets the 
gain in volumetric efficiency resulting from the greater 
size of the valves. Although the air capacity of this 
design would show high values, the combustion efficiency 
suffers from pocketing, illustrating the typical Diesel- 
engine problem arising out of the conflict between valve 
arrangement and combustion-space contour. 

A centrally located combustion chamber, such as that 
shown in Fig. 6, necessitates smaller valves than can be 


used with a chamber located at one side (Fig. 7), but it 
probably distributes the fuel more effectively. With 
equal valve sizes, the offset location of the chamber per- 
mits making the engine smaller and running it at higher 
speed, assuming equal air velocity; but the full increase 
in specific capacity probably will not be realized, because 
a greater proportion of the air will become unavailable 
for combustion purposes. 

Diesel engines of the L-head type are subject to 
analogous limitations of valve size, because the larger 
they are made the farther must their clearance space: 
be extended out to one side. This extension of the com- 
bustion space is difficult to reconcile with the require- 
ments imposed by a high compression-ratio; if the 
volume above the valves is sufficiently reduced, the free 
flow to and from the valves, and even their lift, may be 
restricted. At the same time, the resulting contour 
can hardly be considered to be ideal for a combustion 
space in which to distribute and burn a jet of liquid- 
fuel droplets whose impingement on metallic surfaces 
does not lead to the best results. Partially offsetting 
this may be the hot-spot action of the exhaust-valve 
head, but so far as is known no commercially significant 
results have been obtained by taking advantage of this 
feature. In some cases an attempt has been made to 
give a suitable contour to the throat or passage connect- 
ing the space above the valve deck with the cylinder, as 
illustrated in Fig. 8, but such efforts must be limited 
because the valves, rather than combustion require- 
ments, control the arrangement of the clearance space. 
The L-head Diesel engine has an undeniable advantage 
in low manufacturing cost, but the advantage seems to 





Symbols Used 


{ volume of air at atmospheric pressure and 
80 deg. fahr. passing through the engine. 
cubic feet per hour. 

a = volume of air at atmospheric pressure and 32 
deg. fahr. theoretically necessary for com- 
plete combustion of 1 lb. of fuel, pounds 


b = ratio between effective valve diameter and 
cylinder bore 

C, = specific heat of air at constant volume, taken 
as 0.169 B.t.u. per lb. per deg. fahr. 

c = weight of carbon per pound of fuel, pounds 

D = content of CO. gas by volume contained in 


the exhaust gases before water vapor is con- 
densed out, decimal fraction 

d = content of CO. gas by volume contained in 
the exhaust gases after water vapor is con- 
densed out, decimal fraction 


E = net-air coefficient, or ratio between theo- 
retically necessary air and displacement. 
e = volumetric efficiency, or ratio between air 


actually available and piston displacement 
F = quantity of fuel supplied, pounds per hour 
H = lower heat value of 1 Ib. of fuel, British 
thermal units 
h = weight of hydrogen per pound of fuel, pounds 
} = excess-air coefficient, computed from the 
quantity of fuel supplied 


k = mean adiabatic exponent, taken as 1.35 

M = mol constant, 358.7 

n = engine speed, revolutions per minute 

P = mean indicated pressure, pounds per square 
inch 


p = brake mean effective pressure, pounds per 
square inch 





pr, P> etc. = absolute pressure at correspondingly num- 
bered points on the diagram in Fig. 16, 
| pounds per square inch 
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Q total input of heat, British thermal units, 
input of heat from combustion of fuel 

O heat input from combustion at constant vol- 
ume, British thermal units (Fig. 16) 

Q heat input from combustion at constant 
pressure, British thermal units (Fig. 16) 

Qa = heat required to fill card to cut-off point x, 
shown in Fig. 16 

O heat that would be liberated if all the air 


in the cylinder were consumed, British 
thermal units 


r stroke-bore ratio 
degrees 
represent 


‘i temperature, absolute 
Subscript figures 
points on Fig. 16 


fahrenheit. 
corresponding 


U = combustion coefficient, ratio of the volume 
of air theoretically necessary for combustion 
to the piston displacement less the volumetric 


loss 
u — efficiency of air utilization, or Qa/Qr 
V = piston displacement of engine, cubic feet 
Ve clearance volume of cylinder, cubic feet 
v = piston speed, feet per minute 
w = firing ratio, or ratio between absolute firing 


pressure and absolute compression pressure 


x cut-off ratio, or ratio of volume of cylinder 
with piston at cut-off position to volume of 
clearance space 

y volume of cylinder with piston at the point 
at which the fuel supply is cut off 


z compression ratio, or ratio of total cylinder 
volume including clearance space to vol- 
ume of clearance space 
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be an illusory one if the engine as a whole must be made 
larger as the result of deficient action. 

Fig. 9 shows the valve arrangement and combustion 
chamber of the Oberhaensli engines to which reference 
has already been made in connection with tests for air 
capacity. The stroke-bore ratio of the four-cylinder unit 
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is 1.385, and the ratio of effective valve diameter to cyl- 
inder bore is 0.4, which corresponds to maximum air 
speed of about 15,000 ft. per min. The shape of the 
auxiliary chamber is spherical, and the fairly large con- 
necting passage between it and the cylinder is stream- 
lined to induce as much turbulence as possible in the 
sphere. Neither the design nor the proportions of the 
chamber are related to the valve size, the latter being 
made as large as possible without pockets in the upper 
end of the cylinder bore and without sacrificing good 
water-cooling at the point where the valve passages in- 
tersect the roof of the combustion chamber. The actual 
pocketing is limited to the mechanical clearance directly 
above the piston crown and to the interstices between 
the combustion shell and its pocket. Although the side 
location of the chamber might lead to distribution diffi- 
culties, these are likely to be offset by the good concen- 
tration of air resulting from the spherical contour of 
the chamber and from the large size of the passage. The 
latter is formed so as to direct the surge of burning 
mixture issuing from the chamber to distribute it well 
across the entire cylinder bore. 


Volumetric Efficiency 


As problems in volumetric efficiency are essentially 
common to both Diesel and gasoline engines, a recon- 
sideration of the data from past research on this subject 
is unnecessary. They relate principally to the orifice 
characteristics of poppet valves and to velocities of ap- 
proach in intake passages. Generally speaking, the 
Diesel engine has an advantage over the gasoline engine 
because it works without a carbureter and is therefore 
free from the volumetric losses inherent in the opera- 
tion of this device. 

Contraction losses at the edge of the inlet port at the 
side of the cylinder, however, may be considerable. A 
Diesel engine recently tested showed approximately 5 
per cent more power at full load when operated with an 
inlet manifold than when the air had to pass the sharp 
edges of the ports. The manifold apparently has the 
effect of diminishing eddy-current losses in the inlet-air 
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column, and this might profitably be taken into account 
when Diesel-engine inlet-manifolds are being designed. 
In some cases attention is paid only to silencing the 
intake and providing for air filtration, but improve- 
ments in volumetric efficiency due to careful inlet-mani- 
fold design are substantial enough to justify considera- 
tion. 

Volumetric efficiency as a function of engine speed is 
influenced also by the inlet-valve timing. Ordinarily, 
the closing lag of the inlet valve should increase with 
rising speeds, to take into account the inertia effect of 
the entering air column. P. M. Heldt mentions racing 
gasoline engines in which the inlet valve was held open 
up to 90 deg. past the bottom dead center and points out 
that such an engine would have an excessive compres- 
sion loss at low operating speeds, due to thrusting back 
some of the charge into the inlet passage. The only sig- 
nificant difference between gasoline and Diesel engines 
in this respect is that the opening of the inlet valve of 
the Diesel engine can be advanced so far that it overlaps 
the closing of the exhaust valve, because no danger of 
back-firing is present. 

Whereas gasoline engines may require an inlet-open- 
ing lag up to 15 deg. past the upper dead center, Diesel 
engines frequently have an opening lead of about the 
same amount, with the result that better filling of the 
cylinder is provided, at least during the early part of the 
suction stroke. Late closing of the inlet valve is essen- 
tial for good volumetric efficiency at high speeds, but 
the loss in effective compression ratio, as indicated in 
Fig. 10, is liable to be very serious from the viewpoint 
of operating Diesel engines at reduced speeds. Actual 
compression measurements, made at normal operating 
temperature by an Okill indicator on the four-cylinder 
Oberhaensli, are plotted on Fig. 21 and confirm the be- 
lief that the compression pressure of an automotive 
Diesel engine falls off markedly as the speed is reduced. 
The pressure shows a decided peak at about 1200 r.p.m. 
Below this speed redischarge losses probably predomi- 
nate, and above it the increased wire-drawing offsets the 
supercharging due to inertia. Appreciable leakage of 
valves or piston-rings is regarded as a less likely ex- 
planation of the loss in compression at the lower speeds, 
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for reasons based on CO, measurements that will be 
cited later. Attention is drawn to the probability that 
the loss in engine capacity indicated by Fig. 21 is not 
in proportion to the measured values of compression, be- 
cause the impairment in Diesel combustion efficiency re- 
sulting from reduction in compression enhances the 
purely volumetric losses. 

Engine temperature affects volumetric efficiency inso- 
far as it influences the density of the charge at the in- 
stant of beginning compression. Some indication of 
this is given in Fig. 11, which shows the relationship 
between volumetric efficiency, as measured with an ori- 
fice-type air-meter, and the brake mean effective pres- 
sure of the six-cylinder Oberhaensli engine. As a pos- 
sible explanation of the fall in volumetric efficiency asso- 
ciated with rising brake mean effective pressure, the en- 
gine temperature might be inferred to rise and the 
weight of the indrawn air charge to fall off. The ef- 
fective valve diameter of the Oberhaensli engines is ap- 
proximately 0.4 of the cylinder bore, but reason exists 
for believing that, in the case of the six-cylinder ma- 
chine, the relatively low volumetric efficiency of approxi- 
mately 62 per cent was accounted for by the design of 
the inlet-valve passages and by the use of an orifice to 
measure the inlet air during tests. 


Combustion Efficiency 


Of the air that gets into the cylinder after the vari- 
ous volumetric losses have been deducted, less than 100 
per cent is known to unite with the fuel, because oxygen 


ce.) 





Fig. 12—EFFECT OF TURBULENCE ON 
IGNITION LAG 


can always be detected in the exhaust gases, even when 
an oversupply of fuel is injected and heavy smoke is 
produced. 

The ability of a Diesel combustion system to make 
full use of the available air (displacement minus volu- 
metric losses) varies with the speed. If the perform- 
ance were constant in this respect, the brake mean ef- 
fective pressure would always be directly proportional 
to the volumetric efficiency, which is far from being 
true in real engines. Actually, the combustion coefficient 
U, which is the ratio between the quantity of air theo- 
retically necessary to produce the work of one stroke 
and the displacement less volumetric losses, varies in- 
dependently of the volumetric efficiency, as it is essen- 
tially dependent upon entirely different phenomena: (a) 
velocity of turbulence, (b) fuel-injection pressure and 
(ec) compression pressure, as affected by valve timing, 
engine speed and leakage from the cylinder. 

Attention is called especially to the fact that the com- 


‘See Zeitschrift des Vereines Deutscher 
1928, p. 1241 
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bustion coefficient U, as defined in the foregoing, is not 
the reciprocal of the excess-air coefficient 7 which is the 
ratio between the air actually available and the air re- 
quired for complete combustion of the fuel consumed, 
as calculated from the chemical composition of the fuel. 





FIG. 13—DIAGRAM INDICATING TURBULENCE IN 
HESSELMANN-TYPE ENGINE 


The excess-air coefficient gives an indication of the 
quantity of air that reacts chemically in the engine, 
but this quantity is always greater than would have 
been theoretically required to develop the measured 
mean indicated pressure or brake mean effective pres- 
sure, under the assumption that the liberated heat was 
applied in accordance with thermodynamic laws. Some 
of the fuel hydrocarbons, for instance, are not improb- 
ably consumed on their way out through the exhaust 
valve without adding to the power output. In that 
case, the measured excess-air coefficient is exactly the 
same as though the heat had been thrown off shortly 
after the dead-center position of the piston. Hence 
the value of the excess-air coefficient is merely as a 
parameter for the determination of volumetric efficiency, 
and a more reliable indication of the effectiveness of 
combustion from the viewpoint of power production 
must rest on a different basis. An attempt has been 
made to provide such a basis in the combustion coeffi- 
cient, by computing how much heat would be necessary 
to develop an ideal diagram having a mean pressure 
equal to the observed mean pressure and determining 
how much air must be burned to liberate that quantity 
of heat. 


Combustion Coefficient as a Function of Speed 


Because of the infinitesimal time intervals available 
in a Diesel engine for mixture formation, the value of 
the combustion coefficient seems to depend more on the 
time lag of ignition than on anything else. The longer 
the lag is, the greater is the proportion of fuel burned 
at low efficiency during the late portions of expansion 
or even during the exhaust stroke. The remedy for 
late burning has been found principally in the provision 
of high turbulence, whose effectiveness for reducing 
ignition lag has been amply demonstrated. 

Dr. Kurt Neumann is one of the authorities who ex- 
perimentally demonstrated the vital importance of tur- 
bulence* and the curves of Fig 12 are plotted from his 
data. At all temperatures required for compression 
ignition, the time lag for turbulent air is appreciably 
lower than for still air. Under the conditions of Dr. Neu- 
mann’s experiments, no measurable time lag of ignition 
is found in turbulent air above about 770 deg. fahr., 
whereas in still air the temperature must be increased 
to some 1200 deg. before the ignition lag becomes zero. 

The lower the engine speed is, the greater is the ig- 
nition lag due to reduced turbulence. Turbulence is set 
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up in open-chamber engines accidentally or designedly 
and exerts a marked effect on the minimum attainable 
speed. The single-cylinder engine of the general type 
shown in Fig. 13 apparently is incapable of satisfactory 
ignition below 40 per cent of the maximum speed. 
Turbulence in divided-chamber engines,like that shown 
in Fig. 9, is directly measured by the rate of speed at 
which air is translated from one subdivision of the 
chamber through a throat or passageway; as will be 
seen from Fig. 14, the peak of this speed is likely to be 
reached at about 33 deg. before dead center. Naturally, 
the height of this peak is a function of the engine speed 
and justifies the expectation that the subdivision of the 
chamber for purposes of turbulence is less effective at 
the minimum possible idling speed, about 15 per cent 
of the maximum speed. Assuming that the subdivided 
chamber always gives higher turbulence than the simple 
chamber is safe, even when the inlet valves or passages 
are very specially formed to induce rotary turbulence. 
Variable-speed data on high-speed automotive Diesel en- 
gines are scarce in published literature. As long as 
little or nothing is disclosed about low-speed turbulence, 
either accidental or induced, in simple-chamber engines, 
the divided-chamber engines may be assumed to have 
superior combustion over the low-speed range. 
Another factor that may favor the low-speed per- 
formance of engines with divided chambers is the pro- 
vision of heat-storage elements, which increase the tem- 
perature of the air beyond that which it would attain 
because of compression alone. Such heat-storage ele- 
ments are mostly impractical in simple-chamber engines 
because of expansion and deficient mechanical strength. 
Low-speed operation is likely to impair the atomiza- 
tion of the fuel by open nozzles, as the fuel-injection 
pressure falls with the square of the speed. Differen- 
tial needles (Fig. 15) theoretically give a constant injec- 
tion pressure which should be independent of the speed. 
Probably these also work with lower pressure when 
the speed is reduced, because dynamic effects such as 
liquid hammer are then substantially reduced, but un- 
doubtedly nozzles having differential needles atomize 
noticeably better at low speeds than do injectors not 
equipped with a pressure-stabilizing feature. 
Ample experimental evidence supports the view that 
loss of compression pressure impairs combustion, prin- 


See Dieselmaschinen V, p. 103; VDI Verlag, Berlin, 1932 
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Fic. 14—VELOCITY OF TURBULENCE IN OBERHAENSLI ENGINE 
AT VARIOUS SPEEDS AND CRANK ANGLES 


cipally because the time lag of ignition is markedly af- 
tected by the temperature and density of the air. As 
has already been pointed out, the timing of the inlet 
valve to give good volumetric efficiency at high speeds 
causes redischarge losses at low speeds, so that not only 
air weight but also combustion efficiency are sacrificed. 
Combustion at low speeds will be still further impaired 
if valves or piston-rings are leaky. 

Data are lacking on Diesel combustion efficiency, re- 
ferred to air quantities actually available in the cylin- 
der, at various speeds, and particularly at low speeds, 
and this lack is regarded as a serious impediment to 
automotive work. The effectiveness of the research that 
shall be done on this phase of the development will 
have an unmistakable bearing on commercial develop- 
ments. The time seems to be past when primary em- 
phasis will be laid on the operation of Diesel engines 
at high speeds; slow-speed operation of high-speed 
Diesel engines seems to be a much more absorbing prob- 
lem of the moment. 

We still have with us the paradox of the world’s most 
advanced type of internal-combustion engine substan- 
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FIG. 15—-DIFFERENTIAL NEEDLE TO MAKE INJEC- 
TION PRESSURE LESS DEPENDENT ON SPEED 


tially excluded from application to the world’s chief in- 
dustry, in which such engines are needed. More thor- 
oughness in dealing with the low-speed question may 
eliminate the paradox. 


Air Quantity as a Function of Mean Pressure 


Observed brake mean effective pressure and mechani- 
cal efficiency give a clue to the quantity of air that ef- 
fectively participates in combustion. Dr. A. Loschge, 
of the Munich Technical High School, uses this as the 
basis of computing the air quantities’, but only for one 
engine speed. He assumes that the ratio of the dis- 
placed air to the quantity of air computed on the basis 
of mean pressure is the excess-air coefficient; but this 
seems to be an error, for reasons already given. He 
points with satisfaction to the agreement between his 
theoretically computed excess-air coefficient and the one 
that he determined from the percentage of COs and the 
fuel flow; but this is regarded merely as a reflection on 
the accuracy of his assumptions, one of which is that the 
temperature of the air at the beginning of compression 
is 15 deg. cent. (59 deg. fahr.). 

From a theoretical indicator diagram such as the one 
outlined in Fig. 16, Dr. Loschge calculates both excess 
air and mean indicated pressure as a function of the 
variable cut-off ratio x, which is the ratio of the volume 
swept during combustion plus the clearance to the clear- 
ance volume. As this factor increases, both the quan- 
tity of fuel consumed and the brake mean effective pres- 
sure developed increase with it. The ratio of the heat 
input of the diagram to the total heat that would 
have been liberated if all the displaced air had been 
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Fig. 16—THEORETICAL INDICATOR DIAGRAM OF A DIESEL 
ENGINE 
utilized is also the ratio of used air to available air. 
__ theoretically required quantity of air 
~ quantity of air based on displacement 
heat input according to diagram 








heat from burning entire quantity of air 

According to Fig. 16, a portion, Q,, of the heat is 
assumed to result from combustion at constant volume 
between the absolute compression pressure p. and the 
firing pressure p,, while the remainder Q, of the heat 
is liberated at constant pressure between the clearance 
volume V,. and the cut-off volume y, the total heat input 
being Q.= Q:+ Q.. Accordingly, the heat correspond- 
ing to the energy of the diagram is 

Q Cy (T; — T:) + Cvk (Ts — Ts) 


T Tz 

Z T2w T w2" 

Ts T'3x T waz" 

Q Cry Tiz*"[w —1 + kw(x —1)] (2) 


Formula (2) gives results in terms of British thermal 
units per pound of air, and it is regarded as having no 
variable other than x, the cut-off ratio. In a cylinder of 
V cubic feet piston displacement, the theoretical quan- 
tity of heat necessary to cause the indicator diagram to 
fill out to the point x would be 

Qa = 0.08073 QV (3) 


This applies to standard conditions of 32 deg. fahr. and 
29.92 in. Hg., 0.08073 lb. being the weight of 1 cu. ft. 
of air under those conditions. 

The heat Q;, which would be liberated if all the air 
in the cylinder of volume V were consumed, is arrived 
at by noting that 14.4 lb. of air is required for the theo- 
retically complete combustion of every pound of fuel. 
If H British thermal units per pound denotes the lower 
heating value of the fuel, the maximum heat attainable 
would be 

Q; 0.08073 HV /14.4 (4) 

Formulas (3) and (4) are not corrected for actual 
suction pressures and temperatures nor for effect of 
clearance, because the same corrections would apply to 
both and would cancel out in dividing Qa by Q,; to obtain 
u, the efficiency of air utilization, as follows: 

0.08073 VC,T.z*"*[w—1 + kw (2 —1)] 
0.08073 HV/14.4 
(14.4/H) CvTiz™* [w 1+ kw (x 1)] (5) 


The greater the suction temperature is the higher be- 
comes the theoretical air factor u, because the engine 
is credited with producing a given mean pressure with 
a smaller weight of air for combustion. The suction 
temperature is assumed to be 200 deg. fahr., according 
to which T, = 660. 

Formula (5) makes possible the calculation of air fac- 
tors as a function of the cut-off ratio (Fig. 16); as the 


latter increases, the combustion efficiency also obviously 
increases. It is not applicable for uw > 1. 

The theoretical mean indicated pressure P also can be 
calculated as a function of x, the cut-off ratio, again 
using the theoretical indicator card of Fig. 16 as a 
basis. Accordingly, 


Diz 
P - 
(z 1) (k 1) 


[aw (2 get uk 1) ra w (k i 4 1] (6) 
The theoretical air requirement can be determined as a 
function of P, the mean indicated pressure, by assum- 
ing various values of x and substituting them in Formu- 
las (5) and (6). 

Motoring tests of the four-cylinder engine, as re- 
corded in the curve of friction brake mean effective 
pressure in Fig. 21, gave a tolerably good indication of 
its mechanical efficiency, so that the theoretical air fac- 
tor wu can be determined much more conveniently by a 
relationship that involves the brake mean effective pres- 
sure p instead of the mean indicated pressure P by as- 
suming that the mechanical efficiency remains constant 
at 75 per cent, although the motoring tests naturally 
show some variation from this figure. This is based on 

theoretically necessary air . 
s displacement 1) 

Complete filling of the cylinder is assumed in de- 
riving Formula (6), so that the relation u yp), 
shown in Fig. 17, merely shows what fraction of the 
gross displacement would be needed for the produc- 
tion of the stated mean pressures under theoretical as- 
sumptions such as no thermodynamic losses, constant 
specific heat and an initial compression temperature of 
200 deg. fahr. Naturally, the validity of a theoretical 
indicator card based on such assumptions might be 
questioned, just as authorities on thermodynamics have 
thus far failed to agree on an ideal air-cycle diagram 
against which to measure experimentally determined 
thermal efficiencies. However, examining questions of 
this kind is not within the province of the present pa- 
per; rather, my purpose has been to establish a work- 
able standard of comparison, as errors in comparison 
are eliminated if the theoretical air factor is arrived at 
with the same assumptions for all cases. 

Errors result, of course, from the assumptions that 
the compression pressure, firing ratio and initial com- 
pression temperature are the same for all speeds, but an 
effort to allow for variations of this kind would need- 
lessly complicate the procedure, with no gain in accu- 
racy of comparisons. Such a gain can be realized only 
when better facilities for indicating become commer- 
cially available. The Industrial Instrument Co.’s elec- 
trical point-by-point indicator is free from lag and in- 
ertia and is admirably suited to yield better experi- 
mental ground-work for computations like those under- 
taken in this paper. 

Accepting the validity of the function « makes pos- 
sible ascertaining the theoretical air requirement by 
merely multiplying by the piston displacement. The 
number of cubic feet per hour arrived at in this manner 
is less than the number of cubic feet obtained by direct 
measurement through an orifice, from CO, analysis or 
from displacement, and the difference should be an in- 
dication of the air inherently wasted in combustion. 
Using the ratio instead of the difference to determine 
the combustion coefficient, 

1 theoretically necessary air 
air actually available 
Since the volumetric efficiency is 
air actually available 
displacement 
and the net air coefficient can be written 
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E - theoretically necessary air 
re displacement 
then 
EB Us (8) 


Formula (8) indicates that the specific air capacity 
of an engine can be represented as the product of two 
factors of coordinate importance; namely, the volu- 
metric efficiency and the combustion coefficient. In 
nearly all practical engines, both of these quantities are 
appreciably affected by variations in engine speed, and 
the volumetric efficiency may be said in general to fall 
and the combustion coefficient to rise, up to a point 
where the product of the two is the maximum and the 
torque of the engine is at its peak. The variation of the 
factors over the entire speed range is of obvious impor- 
tance for automotive service, and Diesel-engine data for 
one speed only are virtually useless. 


Air Tests on Engines 


The air actually entering an engine under test can be 
measured in the following three ways, which are named 
in the descending order of their accuracy and in the 
ascending order of their convenience: 

(1) Displacement meter 

(2) Calibrated orifice 

(8) Exhaust-gas analysis 
These methods were used respectively for the tests on 
the single-cylinder, six-cylinder and four-cylinder en- 
gines that are reported in this paper. Important di- 
mensions of these engines are listed in Table 2. 

Fritz Schmidt, who reported’ the test on the single- 
eylinder 8.27 11.8-in. Hesselmann engine, used a dis- 
placement meter. He made simultaneous exhaust-gas 
analyses which seem to have been very accurate and to 
have closely confirmed the air-meter tests. However, 
he had to keep a set of rubber equalizing bags inflated 
to about the pressure of a 0.6-in. water-column to make 
the meter function. As the bags were placed between 


See Zeitschrift des Vereines Deutscher Ingenieure, \ueg 16, 
‘ m, 1151 
See The Engineer, Oct. 16, 1931, p. 414 
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FiG. 17—THEORETICAL AIR FACTOR 
Showing What Fraction of the Gross Displacement 
Would Be Needed To Produce a Given Mean Effe« 

tive Pressure under Theoretical Conditions 







| 


| Saq 


\ 


eae 














Fig. 18—SrET-UP FOR MEASURING INLET AIR THROUGH AN 
ORIFICE 


the meter and the engine, the engine actually was super- 
charged and showed excessively high volumetric effi- 
ciency, apparently at variance with the real operating 
conditions. 

Dr. Davies measured the air for the six-cylinder Ober- 
haensli engine by a calibrated orifice, as shown diagram- 
matically in Fig. 18. As he used no blower, the low 
volumetric efficiencies that he reported’ can be accounted 
for by loss of head due to the flow of air through the 
orifice. 





TABLE 2—DIMENSIONS OF ENGINES TESTED 


Cylinders, No. 1 6 4 
Bore, in. 8.27 4.33 5.118 
Stroke, in. 11.8 6.299 7.087 
Displacement, cu. in. 635 553 583 
Rated Brake Horsepower 22 120 110 
Rated Speed, r.p.m. 350 1,800 1,800 
Compression Ratio 11 3.8 3.8 





Mr. Young determined the CO. content of the exhaust 
gases of the four-cylinder Oberhaensli engine, and this 
was used, along with the fuel flow, to determine the air 
flow, according to computations following a method 
kindly suggested to the author by Dr. Kurt Neumann. 
This makes possible calculating the excess-air coefficient 
j from a relationship involving the fraction D of CO 
gas which is present in the exhaust gases prior to con- 
densation of the superheated water vapor in the Orsat 
apparatus, as follows: 
> 9 

‘ _ eM /12 (9) 
cM/12 + hM/2 + (Y 0.21) a 

Formula (9) can be solved for j, and the term hM/2 
can be made equal to zero to allow for the condensation 
of the water vapor in the Orsat apparatus. It is thus 
possible to find the value of j in terms of d, the observed 
fraction of CO., as 

j 0.21 + (cM/12 a)[(1 d)/d]j (10) 

It remains now to determine the volume of air re- 

quired for complete combustion 

a (c/12 + h/4) (358.7/0.21) (11) 
which involves the carbon and hydrogen fractions in 
the fuel. These are assumed to be 0.85 and 0.15 re- 
spectively, the oxygen and sulphur constituents being 
neglected, and the nitrogen fraction of the air being as- 
sumed as 0.79 by volume. 

Efforts to obtain an approximate analysis of the fuel 
used in the tests of the four-cylinder engine were un- 
successful. It was a clear distillate with the following 
characteristics: 


A.P.I. Gravity 36.1 
Viscosity, Saybolt Universal at 100 Deg. Fahr., sec. 50 
Flash Point, Closed Cup, deg. fahr. 195 
Pour Point, deg. fahr. 30 
Sulphur, per cent 0.05 
Distillation Points, deg. fahr. 

Initial 32 

5 Per Cent 544 

Final 750 
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The 85:15 ratio of carbon to hydrogen is assumed to 
apply fairly well to this fuel, and the use of these frac- 
tions in Formula (11) gives a = 185.0 cu. ft. of air at 
standard conditions as the minimum required to burn 
1 lb. of the 85:15 fuel. Variations in these proportions 
have a comparatively small effect on the value of a, 
which would change only to 179.8 if the carbon-hydrogen 
ratio were changed to 86:14. A one-point variation in 
the carbon fraction therefore causes a 1-per-cent change 
of excess-air coefficient from 1.447 to 1.460, a deviation 
that can be considered as negligible in comparison with 
the other errors incidental to air computations based 
on CO, content. Accordingly, the excess-air coefficient 
is 

j = 0.1874 [(1 — d)/d] + 0.21 (12) 


where d is the fraction of CO. gas as observed on the 
dry sample by the Orsat apparatus. Hence, for every 
pound of fuel passing through the engine per hour, 1857 
cu. ft. of air at standard conditions must be supplied. 
If a pressure of 14.7 lb. per sq. in. abs. and a tempera- 
ture of 80 + 460 — 540 deg. fahr. abs. are assumed as 
applying to the test number of cubic feet of air handled 
per hour, 

A = 203 37F (13) 


This formula can be applied directly to the fuel flow and 
CO, percentages given in Fig. 17 to determine how much 
air actually got into the engine. How much air took 
part in combustion can be determined from Formula 
(7) and Fig. 17, and the difference is the excess air 
shown in heavy shading on Fig. 21. 

The general arrangement of the open combustion 
space of the single-cylinder engine tested is shown in 
Fig. 18, which also indicates air capacities inferred 
from Schmidt’s volumetric data and values for mean 
indicated pressure. The latter were available and could 
be used in this instance, rather than brake mean effec- 
tive pressure, so that a function w other than the one 
shown in Fig. 17 was used for calculating air quantities 
from mean pressure. For this purpose the compression 
ratio of 11 and a firing ratio of 1.4 were taken into ac- 
count. The corresponding values for the Oberhaensli 
engines are 13.8 and 1.73. Insofar as indicator meas- 
urements on a 350-r.p.m. engine are questionable, the 
mean-indicated-pressure basis is less satisfactory, but 
it has the advantage of eliminating the uncertainties of 
mechanical-efficiency figures. 

Both of the Oberhaensli engines have approximately 
spherical combustion chambers which communicate with 
the cylinder through a streamlined throat, as shown in 
Fig. 9, the air current entering the spherical space tan- 
gentially and rotating its contents. The location of 
the fuel spray is such as to subject the oil charge to the 
most energetic possible air movement. 

Turbulence of the charge reissuing from the chamber 
during the early portion of the expansion stroke of the 
piston is enhanced by the projecting lip of the hollow 
shell with which the chamber is lined. Because of the 
slight air gap between the shell and the chamber proper, 
the shell ordinarily reaches a temperature of 722 deg, 
fahr. when the brake mean effective pressure is 91 lb. 
per sq. in., according to a report* on this type of engine 
by Dr. Kurt Neumann, who measured the shell temper- 
ature directly by thermocouples. He estimates that the 
shell is responsible for an increase in the compression 
temperature of the air amounting to about 180 deg., 
the attainment of which would require an increase of 
about 45 per cent in the compression pressure if the 
shell were not used. 

No mechanical stresses are imposed on the shell, be- 
cause of the free access of gases to both the interior 
and the exterior. As a considerable portion of the out- 


§ See Dieselmaschinen V, p. 111: VDI Verlag, Berlin, 19 
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side surface of the shell also responds to the temper- 
ature of the combustion gases and as the mass of the 
shell is small, it probably also adapts itself readily to 
rapidly varying conditions of load and speed, such as 
are met with in automotive service. The driving char- 
acteristics of vehicles propelled with Oberhaensli en- 
gines seem to reflect this characteristic, further evi- 
dence of which may be found in the engine’s ability to 
run idle at approximately 15 per cent of its full speed. 

Believing that the high temperature of the air com- 
pressed in the hot shell noticeably shortens the ignition 
lag of the fuel, to such an extent in fact that the fuel 
is ignited before actual impingement occurs, is reason- 
able. Evidence to support this view is found in the 
fact that satisfactory running of the engine is impos- 
sible when the fuel spray is adjusted so that markings 
of fuel deposition are left on the shell. When the ad- 
justment is normal, no fuel markings can be found. 

The spray valve is of the Bosch pintle type, as shown 
in Fig. 15, with the usual differential shoulder set for 
opening pressures between 2000 and 3000 lb. per sq. in. 
Fairly good operation is possible with the differential 
needles set to open at 500 lb. per sq. in., and the prin- 
cipal object in setting them to a definite figure is to 
facilitate distribution of uniform quantities of fuel to 
the individual cylinders. 

In view of the moderate injection pressure and the 
use of the relatively coarse pintle spray, which has a 
cone angle of 45 deg., exceedingly fine atomization ap- 
parently is not sought. Turbulence induced by the 
streamlined tangential passage and the superheating 
effect of the shell are considered to be more important. 


Maximum Torque and Smoke 


Rotative speed was regarded as the independent vari- 
able in the tests on the Oberhaensli engines, as is cus- 
tomary in automotive work. For gasoline engines the 
common practice is to hold definite values of the speed 
and then to determine, by progressive increases in 
throttle opening and dynamometer loading, the maxi- 
mum brake mean effective pressure that can be carried 
at the given speed. At the highest values of brake 
mean effective pressure, farther opening of the throttle 
produces no increase in torque. 

This procedure apparently was not adopted in the 
case of the single-cylinder Diesel engine, judging by the 
relatively low values of brake mean effective pressure 
obtained, but the report of these tests: does not state 
what standard was used in setting the torque for each 
of the speeds. 

Dr. Davies states that the values of brake mean effec- 
tive pressure were set in the test of the six-cylinder 
engine in accordance with the smoking margin; in other 
words, the throttle was opened until smoke could be ob- 
served but not beyond the point where the exhaust was 
satisfactory. About this he comments: 


The question of what constitutes a satisfactory 
exhaust is admittedly an indefinite one, and provision 

of some standard of comparison would be a boon, but 

in the present tests the author has always erred on 

the exacting side. 

A better solution of the problem apparently was ob- 
tained by Mr. Young in testing the four-cylinder en- 
gine. Instead of the Junkers hydraulic brake used on 
the six-cylinder machine, he employed an electric 
dynamometer, which permitted of approaching the 
maximum-torque point with great precision. While a 
constant speed was maintained, throttle positions and 
excitation were adjusted until the maximum torque oc- 
curred, and this was observed, in each case, with what 
might be called moderate smoking. Apparently the 
electric dynamometer makes possible ascertaining 
maximum torque without arbitrarily exceeding the cor- 
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responding throttle position, so that the production of 
smoke is minimized. The tester of a Diesel engine 
cannot always be sure, with frictional or hydraulic 
cynamometers, of having reached maximum torque un- 
tess he opens the throttle wide enough 


to cause black smoke at the exhaust. 

In appraising the test results of the | 
single-cylinder engine, as presented in y 
Fig. 19, the fact should be borne in [7% tet fn way save 
mind that Mr. Schmidt probably had (22,650 Cu.Ftat 2240R PM) 100% 
some standard, the nature of which he 
does not reveal, by which to judge the Hourly Displacement 
maximum brake mean effective pres- (777%) j377 eter ye 


sure that the engine could satisfac- 
torily develop at each speed. The high 


volumetric efficiency due to a certain L, in Cylinder 
amount of supercharging has already $8.1 % 
been commented on, but the excess air 

is correspondingly large. The sharp Theorehicalhy 
drop in brake mean effective pressure Taare” 
between 248 and 204 r.p.m. suggests go g % 


that the combustion capacity of the 
engine falls off rapidly at diminishing 
speeds, probably because of the re- 
duced turbulence resulting from a re- 
duction of the air speed from 200 to 90 
ft. per min. Undoubtedly this engine 
could be readily altered to improve its Fig. 22 
low-speed performance and to make its 

characteristics correspondingly more suitable for auto- 
motive purposes. Considering the fact that it is essen- 
tially a stationary engine, it approximates automotive 
performance to a noteworthy degree. 

The tests on the six-cylinder engine, charted in Fig. 
20, were carried out, as already stated, before the ma- 
chine had been fully developed for commercial purposes, 
but they cover a considerably higher range of speeds 
than do the tests of the single-cylinder unit. The ef- 
fects of poor volumetric efficiency become especially 
noticeable between 1400 and 1800 r.p.m., but they are 
cffset by an unusually high combustion coefficient, 
which exceeds 85 per cent at 1700 r.p.m. Consequently, 
the net-air coefficient, which shows to what extent the 
gross displacement has been utilized, is high over this 
speed range. However, the amount of smoking asso- 
ciated with an 85-per-cent combustion coefficient might 
not be acceptable under American traffic conditions. 
Later improvements in the engine have served to de- 
crease this coefficient, not by lowering the engine’s out- 
put, but by improving its air supply. Dr. Davies is 
now repeating his volumetric experiments, and his new 
test data should afford an interesting comparison with 
the old data. 
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FIG. 19—RESULTS' OF 

TESTS ON 

SINGLE-CYLINDER, 8.27xX 
11.8-IN. ENGINE 


F1G. 20—-RESULTS OF TESTS 
HESSELMANN ON OBERHAENSLI SIX-CYL- 


INDER 4.33xX6.30-IN. ENGINE 
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The low-speed performance of the incompletely de- 
veloped six-cylinder engine is deficient because speeds 
lower than 600 r.p.m. apparently could not be attained 
satisfactorily. This manifests itself in a low value 
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DIAGRAMS FOR OBERHAENSLI 583-Cu. IN. FoUR-CYLINDER 
ENGINE 


-In. Engine To Give the Same Air Speeds through the Valves Are 


Assumed as a 100-Per-Cent Basis 


1800 R.P.M. Fig. 23—At 400 R.P.M. 


of the combustion coefficient at low speeds; it was only 
27.5 per cent at 600 r.p.m. 

Diesel-engine performance acceptable for automotive 
service is reflected in the test results of the four-cylin- 
cer engine, charted in Fig. 21, comments on which may 
be summarized by noting that the excess-air quantity 
shows consistent values over the entire speed range. 
The maximum combustion coefficient, which is about 78 
per cent at 1500 r.p.m., is lower than the maximum ob- 
tained for the six-cylinder machine; but this is offset 
by better volumetric efficiency, so that the over-all air 
utilization is about the same. Moreover, the lower 
maximum combustion coefficient gives better assurance 
of clean burning. The minimum value of the combus- 
tion coefficient, which is 36.5 per cent at only 400 r.p.m., 
is also significant in the automotive performance of this 
particular engine. 

Fig. 22 is a capacity-balance diagram for the four- 
cylinder engine at 1800 r.p.m., in which the dimensional 
loss corresponding to a stroke-bore ratio of 1.385 also 
is included. Some difference of opinion may exist as 
to the justification for including this consideration, in 
view of the fact that gasoline engines with unity stroke- 
bore ratio also are not beyond criticism. However, if 
Diesel engines are to be compared among themselves, 
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FIG. 21—RESULTS OF TESTS ON OBERHAENSLI FourR-CYL- 
INDER 5.118X7.087-IN. ENGINE 
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neglecting this ratio, which, as has already been pointed 
out, is rigidly determined for some of them and causes 
the dimensional loss in capacity shown in the diagrams, 
would be misleading. 

Fig. 23 is another capacity-balance diagram for the 
four-cylinder engine, at 400 r.p.m. The volumetric loss, 
as might be expected, is only about one-half as great as 
at 1800 r.p.m., while the excess air that fails to partici- 
pate in combustion is more than three times as much. 
Nevertheless, the ability of an 1800-r.p.m. Diesel engine 
to pull any load at all at 400 r.p.m. is considered note- 
worthy. The machine idles under governor control at 
200 r.p.m. and can be held at 160 r.p.m. with manual 
assistance to the governor. The reductions in speed 
are accomplished solely by varying the delivery of the 
sosch fuel-pump; no supplementary operations, such 
as cutting out cylinders or externally heating a part of 
the combustion space, are necessary. 

What might be called an ideal engine, for which the 
performance is indicated in Fig. 24, would always 
ate at constant volumetric efficiency, from zero to the 
maximum speed and, so far as this particular factor is 
concerned, no unusual difficulty is experienced in ob- 
taining a substantially constant value for it in actual 
engines. To indicate what an ideal Diesel engine might 
be like, the combustion coefficient U, showing the ratio 
of theoretically necessary air to air actually available, 
is further assumed to be a constant. This is the as- 
sumption on which Fig. 24 is based, and from it follows 
as a logical consequence that the line showing theoreti- 


ope r- 


PROPULSION 


cally necessary air should pass through zero, while a 
constant value of brake mean effective pressure is main- 
tained over the entire operating range. This condition, 
of course, is realized only in the steam engine; no 


known internal-combustion engine will develop any 
measurable power as the speed approaches zero. 
Characteristics of what might be an actual Diesel 


engine having satisfactory automotive characteristics 
are illustrated in Fig. 25. Its outstanding character- 
istic is the ability to make good use of the available air 
at low speeds, which is important, not only for idling, 
but also for rapidly building up torque as required for 
acceleration from low speed. By contrast, Fig. 26 
represents an engine deficient in combustion at low 
speeds but excellent high-speed charac- 
teristic. An application for such an engine 
would be motorboat propulsion, as the propeller torque 
automatically reduces itself far below the possible en 
gine torque when the speed is reduced. 

Much has been written about the ability of 
combustion systems to function 
observations indicate that the problem of low-speed 
combustion is considerably more acute. In any 
automotive Diesel combustion should always be consid 
ered as a function of the entire speed range, for which 
purpose a knowledge of air characteristi 
of primary The 
characteristics by fairly easy, 


comprehensive basis for appraisal. 


possessing an 


ideal 


Diesel 


at high speed, but my 
event 
istics seems to be 


determination of air 


and they afford a 


importance. 
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THE DISCUSSION 


EDWARD T. VINCENT’:—Mr. Kuttner’s paper is full 
of valuable material which has been presented in an in- 
teresting manner. The air charge of Diesel engines 
unquestionably is of fundamental importance, and every 
effort should be made to increase the weight of air in 
the cylinder. This point is well stressed in the paper; 
however, not sufficient emphasis is given to combustion 
efficiency, which is mentioned and dealt with in some 
detail but its real importance is not brought out. What 
is the use of having even 100-per-cent volumetric effi- 
ciency if the injection apparatus is capable of dealing 
with only 50 per cent of the air in the cylinder? These 
two factors must go hand in hand, and injection char- 
acteristics should be modified until the engine is capable 
of using a high percentage of the air contained in the 
cylinder at all speeds rather than 85 per cent at maxi- 
mum torque and only 40 per cent at low speeds. 

The comparison of various stroke-bore ratios shown 
in Fig. 1 is of interest; but does it represent what we 
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are really concerned with? "} changes from 
500 to 1000 r.p.m., and such variation is not permissibl 
for an engine required for a particular duty; for auto- 
motive purposes, an engine of say 2000 r.p.m. is desir- 
able, and one of 1000 r.p.m. has little chance of 

A better comparison would have been made and possibly 
different conclusions reached if 
ratios had been assumed for a constant 
tion and horsepower. 


le speed 


Success. 


stroke-bore 


speed of 


various 


rota- 


That stroke-bore ratios of 1:1 to 1.25:1 are not so 
difficult to handle is shown by the following figures: 
Bore, in. 20 14% 6% 
Stroke, in. 20 15 7% 
Ratio ] 1.035 1.11 
Brake Horsepower 398 100 115 
Engine Speed, r.p.m. 100 380 1,000 
Brake Mean Effective Pressure, 

lb. per sq. in. 125 84 85 
Fuel Consumption, lb. per b.hp-hr. 0.426 0.41 0.41 


These figures cover a sufficiently wide range of en- 
gine sizes and speeds to indicate that stroke-bore ratio 
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is of little consequence, and a complete change of laws 
will hardly result from changing the bore and stroke 
trom those in the last column to those of the four-cylin- 
der Oberhaensli engine. 

Turning to the question of volumetric efficiency, the 
Diesel engine is certainly at some advantage, as com- 
pared with gasoline engines, because of the absence of 
the restriction of the carbureter. Against this must 
be set the absence of vaporization of the fuel during 
suction; which, a careful analysis will show, generally 
results in a greater volumetric efficiency for the gaso- 
line engine. Another fact which demonstrates this is 
that, for similar gasoline and Diesel engines running 
at the same speed, maximum efficiency necessitates clos- 
ing the inlet of the Diesel considerably earlier than that 
of the gasoline engine, 25 deg. earlier at 1400 r.p.m. 
and 20 deg. at 800 r.p.m. The values given in Fig. 21 
for the drop in compression with speed are of little 
value, since obtaining reliable results with an Okill 
indicator at speeds above about 600 r.p.m. is impossible. 
However, the general trend of the curve probably is 


indicated with sufficient accuracy for the point the 
author wishes to make. 

Combustion efficiency is far more important than 
volumetric efficiency. Mr. Kuttner’s treatment of this 


side of the problem is of very considerable interest, but 
the wide variations possible between the various types 
of injection system is not brought out. Analysis of 
the results already given for open-chamber engines will 
show that this type of engine is superior as regards 
combustion efficiency to the divided-chamber engine, 
even at slow speed. Whether or not the engine has 
slow-speed turbulence does not seem to matter, since 
the open-chamber engine is capable of carrying more 
load with a clean exhaust at slow speed than is the 
other. Since the single-chamber also starts very easily 
with lower compression-ratios than does the divided, 
and without heating elements, the heat-storage feature 
of the latter type does not seem to be 
quence. 


of great conse- 


I join with the author in a request for some standard 
of reference as regards smoke. This factor varies so 
much with different individuals and with the same per- 
son on various days or even on the same day, according 
to the background, that an accurate estimate is impos- 
sible. At present only one real criterion is worth while; 
that is, an absolutely invisible exhaust under any cir- 
cumstances. If this standard were applied to all en- 
gines, the ratings of many would be cut considerably. 

Mr. Kuttner considers it noteworthy that an 1800 
r.p.m. Diesel should pull any load at 400 r.p.m., a speed 
range of 4.5:1, but open-chamber engines show that 
speed ranges of about 10:1 are possible, as I have men- 
tioned. A Beardmore airplane-type engine weighing 
5.3 lb. per b.hp. at 1400 r.p.m. would idle at 400 r.p.m. 
when directly connected to a dynamometer with no fly- 
wheel or propeller. With a flywheel equal in inertia 
to the propeller, speeds as low as 200 r.p.m. were pos- 
sible; a speed range of 7:1. In addition, constant- 
torque characteristics were obtained down to the slowest 
speed. 

The author has presented certain aspects of oil-en- 
gine operation in a very interesting way, his methods 
of calculating the various coefficients are worthy of 
much study and many other points are well taken. 


Aids to Volumetric Efficiency 


CHARLES O. GUERNSEY™:—Mr. Kuttner is to be con- 
gratulated for putting emphasis on one phase of Diesel- 
engine design which, while apparently obvious, has 
nevertheless seemingly been overlooked by 
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ldiesel-engine designers, particularly those working on 
automotive types. That internal-combustion engines, 
whether of the Diesel or the Otto cycle, will have per- 
formances substantially proportionate to their efficien- 
cies as air-pumps, other things being equal, seems axi- 
omatic. 

Many designers seem to have been so concerned with 
combustion-chamber design and combustion phenomena 
that they have neglected this fact. Sometimes, indeed, 
the volumetric efficiency or breathing capacity of the 
engine seemingly has been deliberately restricted as a 
means of bringing about other desired results. Some- 
times the valve size is limited because of the very long 
stroke-bore ratio; sometimes it is limited by the loca- 
tion of the fuel nozzle; in other cases the capacity of the 
valves has been restricted by shrouding or restricted or 
distorted intake passages—all justifiable, perhaps, in 
the light of other considerations, but nevertheless react- 
ing very heavily against the ultimate success of the de- 
sign by reason of impaired volumetric efficiency. 





Open Chamber Can Give Flexibility 


With some of Mr. Kuttner’s conclusions I cannot 
agree. He seems to dismiss the open-combustion- 
chamber engine as having limitations that prevent its 
satisfactory use over a wide range of speed and load. 
Perhaps flexibility is much easier to get in an engine 
having a divided combustion-chamber. However, re- 
sults have been obtained with open-combustion-chamber 
engines which indicate that the power output over a 
very wide range of speeds is limited only by the quan- 
tity of air that is available to support combustion; in- 
deed, that the speed limitations are largely mechanical 
and that no reason is apparent why open-chamber 
Diesel engines cannot be designed to give mean effective 
pressures and speed ranges equal or superior to those 
of the Otto-cycle engine. 

The divided combustion-chamber seems to have nu- 
merous disadvantages. Its use admittedly makes the 
problem of proper combustion much easier, but at the 
expense of lowered volumetric efficiency, higher fuel 
consumption, lower mean effective pressures and, in 
some cases, rough combustion. It seems to be at least 
substantially true that the more complicated the com- 
bustion chamber is, by things like divisions, shells and 
chambers, the greater will be the heat loss, and conse- 
quently the less will be the power and the higher the 
fuel consumption. It seems reasonable to expect the 
fuel consumption to increase or the power to decrease, 
or a combination of the two, substantially in proportion 
to the increased heat loss brought about by such divided 
chambers. 

Mr. Kuttner speaks of combustion lag and slow burn- 
ing as being detrimental to the open-chamber engine. 
A distinction should be made between the initial ignition 
lag, which can be dealt with by suitable injection 
timing, and combustion lag after ignition has started. 
Experiments have shown that, with good design, the 
combustion lag need not be detrimental in an 
chamber engine. 

In one other particular I believe that Mr. Kuttner 
has arrived at a conclusion which should be further in- 
vestigated. He dismisses engines having low stroke- 
bore ratios with the comment that such ratios may be 
responsible for some of the shortcomings of engines so 
arranged. Tests with an engine having a stroke-bore 
ratio of 1.24 have shown entirely satisfactory results 
in every respect; in fact, an open-chamber engine gives 
results which, when plotted on Mr. Kuttner’s Fig. 25, 
show mean effective pressures far exceeding those indi- 
cated by Mr. Kuttner as representing good practice. 

One further point may be of interest. In judging 
the exhaust from a Diesel engine, the practice hereto- 
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fore with most experimenters has been to class the ex- 
haust as good, fair, poor or bad or as black, brown or 
grey. In certain Diesel-engine tests that have been 
made, definite standards were set up for judging the 
nature of the exhaust. The Ringleman charts, which 
are recognized as the means of judging smoke on steam 
powerplants, are graded as Nos. 1, 2, 3 and so forth, but 
even No. 1 is far too dark for a satisfactory Diesel ex- 
haust. Therefore, additional charts like those shown 
in Fig. 27 were made up and numbered 0, 00 and 000, 
and these were used for judging the exhaust. During 
the tests mentioned, any exhaust darker than No. 000 
was considered unsatisfactory. All of the results to 
which I have referred were achieved with an exhaust 
at least equal to the No. 000 chart. 


Diesel Cycle Approximates Air Cycle 


ROBERTSON MATTHEWS” :—All internal-combustion en- 
gines are in reality air-engines in which the fuel is simply 
an activator of the air, and oil-engine analysis has been 
approached too little from the air side. The author 
does well to stress the acuteness of the combustion prob- 
lem in compression-ignited engines for the automotive 
field during operation at low speed. The compression- 
ignited engine is a purer form of heat engine than is 
the spark-ignited, and its behavior rests on a different 
basis. 

Concerning air pockets in combustion chambers of 
engines into which the fuel is injected, the extent to 
which pockets can diminish air utilization is difficult to 
estimate because of the cross-play of influences. The 
Junkers and Ricardo designs seem to have the most 
symmetrical combustion-chamber forms yet developed, 
and they lead in excellence of fuel utilization. But if 
the brake mean effective pressure attained is taken as 
the measure of air utilization, these designs seem to 
have been surpassed by some others with less symmetri- 
cal combustion chambers. 
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smooth running had not been a deciding factor, per- 
haps the comparison would be still different. 

Should small dimples in the surface of combustion 
chambers with internal injection be found to be highly 
detrimental to air utilization, this would seem to indi- 
cate that the movement of fuel particles resulting from 
combustion is small. Is there no such thing as com- 
bustion turbulence? A combustion chamber containing 
a streaky mixture and having boundaries of unequal 
temperature apparently would favor localization rather 
than the spread of combustion. This would give mo- 
mentary local pressure changes which would at least 
set up pressure waves in a symmetrical chamber. But 
what would occur in an unsymmetrical chamber? Eddy 
currents? If so, such currents would be combustion 
turbulence, which possibly should be considered in com- 
bustion-chamber design, although wholly incapable of 
taking the place of directed or controlled turbulence, as 
those terms are now understood. 

If the surface layer of air of a combustion chamber 
is considered to be of doubtful availability, increase of 
surface area by pockets may deserve attention, as well 
as the isolation of the air. 


Stresses Utilization of Air 


Having had some experience with attempts to put 
across a term that should aid oil-engine development by 
stressing data on air utilization, I am inclined to ques- 
tion whether the author’s presentation of combustion 
efficiency and what follows it is not a little too involved; 
its simplification is worthy of more labor. 

For a long time I have believed, though admitting 
the tediousness introduced, that makers of economical 
engines would find having their test data include a term 
showing the ratio of the air utilized to the air supplied 
by the engine, a sort of air-capacity ratio, advantageous. 
Such a term should have more direct significance than 
the customary excess-air coefficient and air-fuel ratio, 
which, taken directly, are broadly indications of the 
volume of air needed to coax combustion rather than 
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specific determinations of the proportion of air that is 
utilized at given loads and consequently at different 
fuel economies. 

H. D. HILL”:—Divided-chamber engines seem to be 
in the ascendancy among Diesel engines of small sizes. 
However, the precombustion-chamber engine has the 
serious defect that the pressure difference between the 
antechamber and the cylinder is much greater at low 
speeds and light loads than at high speeds and heavy 
loads. This is exactly opposite to the condition that 
should prevail, because, when a small quantity of fuel 
is being burned, great turbulence is not necessary. 
Promotion of turbulence is one of the chief advantages 
of the antechamber. When the load is heavy and the 
quantity of fuel is large, the pressure in the ante- 
chamber is lowest and consequently the turbulence is 
least. 

In our development work we have succeeded in cor- 
recting this condition to a considerable extent by in- 
troducing a second spray valve discharging directly 
into the cylinder. The first valve discharges a con- 
stant quantity of fuel into the antechamber, thus main- 
taining a constant pressure in the antechamber through- 
out the entire load range. The additional fuel required 
by the heavier load is introduced into the cylinder in 
the path of the gas issuing from the antechamber. In 
that way the main body of fuel is subjected to higher 
temperature, and the turbulence needed to mix the fuel 
thoroughly with the air is obtained. 


Applying the Principles of the Paper 


A. C. STALEY“:—Mr. Kuttner’s paper represents a 
conscientious effort to analyze the possibilities of the 
automotive Diesel engine. Only by such concentrated 
and continuous attack on its many problems will the 
wilderness of the unknown become the cultivated field 
of the known. The method of attack is somewhat novel 
and provocative. The attempt to evaluate pocketing 
and so-called dimensional losses is instructive. 

A little further clarification as to the author’s use of 
Equation (1) would be appreciated. He says, “Very 
large capacities could be obtained by merely reducing 
the value of r.”’ If this is done by reducing the stroke, 
V will be reduced, and consequently the power, unless ” 
is increased in like ratio. The value of r can be de- 
creased by holding the stroke constant and increasing 
the bore; but this is merely equivalent to saying that 
increasing the bore increases the capacity, which is 
more or less obvious. 

I should also like to obtain additional information on 
the author’s treatment of dead pockets. While the ar- 
rangement of the combustion chamber and clearance 
space bears an important relation to the combustion of 
the fuel in the cylinder, combustion in a true Diesel 
engine continues during a portion of the piston travel, 
particularly at heavy loads. Is not the air in the so- 
called dead pockets released for use during the later 
period of combustion? At part load, not all of the air 
is needed to burn the fuel completely, and the pockets 
should not be troublesome during such operation. 

The term combustion coefficient, represented by U, 
is stated to be the ratio of the theoretical to the sup- 
plied air, if my interpretation of displacement-volu- 
metric losses is correct. If such is the case, U becomes 
the reciprocal of the excess-air coefficient, the latter be- 
ing the ratio of air used to that required. Why does 
not the combustion coefficient also take into account in- 
complete combustion, which as we all know is a par- 
ticularly serious problem? The combustion coefficient 
might then represent the ratio of the air utilized to 

12 M.S.A.E.—Vice-president and general manager, Hill Diesel 


Engine Co., Lansing, Mich 
M.S.A.E.—Research engineer, Chrysler Corp., Detroit. 















150 r saan iia ae i | : a eons ae ~ + 
| 
| } 
40 ee os ae +——_— + —— E'S —+ — 
| 
+ $ 
o 
130} — 


| 
| 
| 
T 





Ciearan 


| 
k« 
lad) 
} 
| 
i 


| Stroke -Boré 
Ratios 


urface of Combustion Chamber per Pound of Compressed Air, sq.ft 
a : 
> 











) T 100—- 

1\.LAufomotive 1,25 

10} ' T— Sizes + 150- 

75 
O Sie | a ee a eee ee fae ee a 
0 2 4 6 8 10 12 4 6 8 20 22 24 226 28 
Cylinder Bore, in 
Fic. 28—-SURFACE CHARACTERISTICS OF DiIsc-SHAPED Com- 


BUSTION CHAMBERS 
Showing How Rapidly the Ratio of Surface to Content Rises for 
Small-Bore Cylinders. Computed for Free-Air Density of 0.0573 
Lb. per Cu. Ft. and a Compression Ratio of 13.5 :1 


that furnished. Determination of the degree of utili- 
zation presupposes a satisfactory method of exhaust- 
gas analysis, including both products of combustion and 
the detection of unburned fuel in addition to the usual 
procedure. 

In view of the fact that the Diesel engine should be, 
both thermodynamically and actually, the most efficient 
of any present prime mover, the fact that its mean effec- 
tive pressure is generally lower than that of the Otto- 
cycle engine reflects unpleasantly upon our ability as 
combustion engineers. We should do something about it. 


Nature of Engine Changes in Small Sizes 


JULIUS KUTTNER:—Time will not permit answering 
all the excellent contributions that have been made in 
the discussion. I recognize as an apparent defect in 
my paper that it reads as though I were trying to make 
out a definite case for particular types of engine. This 
is merely because the method of appraisal that I have 
outlined has been applied first to the engines used as 
examples. If this method gives a reliable index of 
automotive Diesel performance, it will stand on its 
merits regardless of the examples by which it is dem- 
onstrated. 

Everyone will appreciate Mr. Vincent’s penetration 
in questions of Diesel technology. However, I believe 
that the engines which he cited are not strictly in the 
automotive class. My analysis and the conclusions 
drawn from it have no bearing on 20 x 20-in. engines 
or even on 6 x 7-in. engines. I know that such engines 
maintain their torque at low speed. As automotive en- 
gineers, we must consider engines of 41% or at the most 
5-in. bore, in which the conditions are decidedly dif- 
ferent. Whether the torque and the air capacity can 
be maintained with the open chamber in smaller engines 
as well as Mr. Vincent has undoubtedly maintained them 
in his larger engines is a question, because the ratio 
between surface and volume in the combustion chamber 
begins to be a predominating factor only in engines of 
less than 6-in. bore. 
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To illustrate the decisive effect of surface-volume ratio 
in Diesel-engine combustion chambers of the automotive 
size range, I have plotted the curves in Fig. 28. From 
this it is apparent that automotive Diesel engines, dealt 
with in my paper, may have from 7 to 10 times as many 
square feet of chamber surface per pound of compressed 
air in the chamber as have the non-automotive Diesel 
engines that Mr. Vincent has injected into this discus- 
sion. I cannot recognize the validity of Mr. Vincent’s 
criticisms based on engines of 6°4-in. bore and larger. 
We will not retrogress to the one-cylinder car; rather, 
we need to use many small cylinders. The same criti- 
cism applies in some measure even to the engines on 
which I have reported, because they too have cylinder 
dimensions too large for the six and eight-cylinder en- 
gines of the modern automotive vehicle. Mr. Vincent’s 
misapprehension is typical of recent Diesel-development 
history, a feature of which is rigid insistence that little 
Diesels act just like big ones. Some time will elapse 
before automotive engineers in general will squarely 
meet the fact that the Diesel engine undergoes a muta- 
tion of species when its dimensions are proportionately 
reduced. 

To meet the issue in Mr. Guernsey’s discussion is im- 
possible because he too ignores the vital matter of cyl- 
inder dimensions, omitting to give the bore and stroke 
of the engines he has in mind. I am little inclined to 
dispute the statements he made, because undoubtedly 
they apply to some size of Diesel engine. I seriously 
question, however, whether his remarks have anything 
to do with the type of Diesel engine that is of primary 
interest to this Society. 

Mr. Guernsey’s reference to the Ringleman smoke 
charts is interesting, but I cannot recollect ever having 
seen them used except with the sky as a background. 
The exhaust pipes of Diesel engines undergoing dyna- 
mometer tests would have to be led to the top of the 
building, and I do not see any chance of using the smoke 
chart on the road. 

With reference to Mr. Matthews’ discussion, I call at- 
tention to the fact that the purpose of my paper was not 
primarily to decide the merits of one type of Diesel in 
favor of another, but to show how computations of air 
capacity as a function of rotative speed might be of 
assistance in reaching such decisions with a smaller 
margin of probable error. Specific types of Diesel en- 
gine were mentioned in the paper to illustrate the work- 
ings of the method of appraisal, rather than on account 
of their own intrinsic interest. 

Mr. Hill’s experience shows an interesting example of 
variation in combustion capacity as a function of speed. 
I hope that some time he can tell us how much air gets 
into action when he uses only one spray, and how much 
is utilized when both of them are working. 


An Aid in Proportioning Engines 


In reply to Mr. Staley’s question on my formula for 
cylinder horsepower, I might say that this was de- 
veloped to simplify the work of proportioning a series 
of engines of a given design so that all of them should 
be similarly rated with respect to mean pressure and 
mean piston speed. To show the effect of reducing 
stroke-bore ratio, only a few cylinder sizes need to be 
worked out, keeping fixed values for mean pressure and 
piston speed, the latter figure being halved for a four- 
cycle engine. A 6 x 6-in. 2000-r.p.m. engine, for in- 
stance, would develop 42.9 b.hp. per cylinder with a 
piston speed of 2000 ft. per min. and a brake mean 
effective pressure of 100 lb. per sq. in. spread out over 
two revolutions. If now the stroke-bore ratio be 
changed to 1.5 by reducing the bore, the output of the 
cylinder falls to 19.1 b.hp. per cylinder, which is in 
accordance with the formula. 
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Mr. Staley’s opinion that pocketing of combustion air 
does not matter is justified for the more orthodox Diesel 
engines, in which a substantial proportion of the fuel 
is burned at constant pressure. However, when the 
total time of combustion is reduced to a few thousandths 
of a second, every effort must be made to burn the 
greatest possible percentage of the fuel as close to the 
dead center as possible. Pocketing interferes with the 
attainment of this object more as the size of the cylinder 
decreases and the rotative speed increases. The auto- 
motive Diesel engine can be considered more satisfac- 
torily as working on the constant-volume than on the 
constant-pressure cycle. Light-load operation naturally 
mitigates the adverse effect of pocketing. 


Usefulness of the Combustion Coefficient 


Reference to the text of the paper will help to clear 
up any obscurity about the meaning of the combustion 
coefficient. I tried to emphasize that good chemical per- 
formance, expressed in terms of the ratio of quantity of 
air reacting chemically with the fuel to the available 
air, is in itself without interest to the engine designer. 
Therefore, instead of measuring performance in terms 
of the quantity of air that is chemically utilized—this 
being the well-known excess-air coefficient—I have fol- 
lowed Dr. Loschge’s procedure of setting up a standard 
of reference for air quantity which is of more signifi- 
cance to the engine designer. However, I do not follow 
Dr. Loschge or Mr. Staley in considering this standard 
of reference to be identical with the more common ex- 
cess-air coefficient derived from chemical theory, for the 
following reasons: 

More air always will unite chemically than would be 
needed solely for power combustion, and for that reason 
the chemist always will report a greater degree of air 
utilization in a Diesel engine than would be reported by 
the thermodynamic analyst, the latter basing his com- 
putations on combustion occurring entirely at constant 
volume and at constant pressure. Obviously, some com- 
bustion also occurs under conditions that are less fav- 
orable for power production. The purpose of the com- 
bustion coefficient is to take these less favorable condi- 
tions into account and to use them as a rational basis 
for comparing various Diesel systems. The fact that a 
difference exists between the reciprocal of the excess- 
air coefficient and the combustion coefficient makes the 
procedure possible. 

One element in Mr. Staley’s apparent discouragement 
with the capabilities of combustion engineers may be 
due to their persistent disregard for the effect of abso- 
lute cylinder size on Diesel-engine technology. Not 
long ago obtaining a 30 x 45-in. Diesel cylinder was 
thought possible by the simple method of photostatically 
enlarging the drawings of a 10 x 15-in. cylinder. We 
are now witnessing attempts to reverse that process 
to obtain automotive-size cylinders. Some time may be 
needed to convince engineers that this apparently inno- 
cent process is almost sure to produce not only quantita- 
tive but also qualitative transformations. However, 
once the fact is accepted, the commercial realization of 
the automotive Diesel should not be slow in following. 

The paper was intended to describe a sort of stetho- 
scope for determining the state of health of the various 
automotive Diesel-engine systems now claiming to be 
robust enough to stand the hard knocks of commercial 
application. I am indebted to the discussers for the 
careful thought they have given to the paper. Appar- 
ently, however, they immediately began using the stetho- 
scope on the various patients under their care, without 
paying much attention to the mechanics of the new in- 
strument. Although this tacit endorsement of my 
device is gratifying, I look forward ultimately to a 
more searching criticism of its elements. 


Engineering Aspects of the Modern Autogiro 


Aeronautic Meeting Paper 


| EREIN is presented for the first time a technical 

analysis of many of the fundamental engineering 
features of the development of the Autogiro by the 
engineering departments of the parent American com- 
pany and its licensees. Intensive study is still being 
given to both the aerodynamic and the structural 
improvement of the rotor and also to other com- 
ponent elements. Attention is given in the paper to 
many of the developments that have contributed to 
the present engineering status of the machine in this 
Country. 

Phases of the subject discussed and analyzed are 
the aerodynamic relationships existing in the three 
or four widely different combinations of rotor and 
fixed wing and the longitudinal balance and stability 
of these several types of Autogiro to determine the 
extent of displacement of the center of gravity that 
is possible without impairing the behavior of the 


HE National Aircraft Show this year marks the 
anniversary of the delivery of the first commer- 
cial Autogiro in Detroit in February, 1931. Since 
then this latest type of vehicle has taken its definite 
place among the other forms of aircraft. Through the 
Society and other like organizations, the writer has had 
an opportunity to acquaint various groups of the air- 
craft industry and others, at general and local meetings, 
with the progress that has been made in the develop- 
ment of this craft. Aside from a general statement’ by 
Juan de la Cierva, and complete chronological reference 
to the many researches and developments that have been 
made by the engineering department of the Autogiro 
Co. of America and its licensees, no technical presenta- 
tion has ever been given on these occasions. The En- 
gineering Theory of the Autogiro, by Senor Cierva, 
hereinafter referred to as the Theory, is the basis on 
which the Autogiro company and its licensees do all 
engineering. 

In the following discussion a technical analysis of 
many of the fundamental engineering features of the 
development of the machine will be made. Intensive 
studies are now being directed toward improvements in 
the rotor, both in the aerodynamic and structural phases. 
Until these have been completed and verified, these de- 
velopments will not be made available on commercial 
Autogiros. 

While the engineering of the craft is commonly 
thought of as being confined to its rotor alone, experience 
has shown that much of the modern development has 
been directed to its other components; in fact, the en- 
gineering departments of the Autogiro Co. of America 
and its licensees have made many studies and special 
researches into every phase of the complete machine and 
progress has been made in every direction. Attention 
will be directed in this paper to many of these technical 
developments, which have contributed much toward the 
development of the machine in this Country. 


Chief engineer, Autogiro Co. of America, Inc., Willow Grove, 
Pa 

See S.A.E. JOURNAL, September, 1929, p. 204. 

® Progress of Autogiro Development, not published in S.A.E 
JOURNAL 


By Agnew E. Larse: 


machine in slow 


forward speed or nearly vertical 
descent, while still maintaining longitudinal stability 
at high speed. 

The voluminous data presented show some of the 
engineering aspects of the latest craft and suggest 
the great volume of detail development work that has 
been involved in establishing the present standard of 
practice as regards the aerodynamic relationships of 
the rotor, fixed wing, tail surfaces and other 
ments. 

Flight tests of pressure distribution on the fixed 
wings and further studies that are being conducted 
as to the influence of aspect ratio of the fixed wings on 
efficiency of the machine, of lift and thrust vectors 
on the rotor and of longitudinal balance and stability 
of new types developed, particularly with increase of 
gross load, promise the development of further im- 
provements in efficiency, performance and utility. 


ele- 


In a paper® presented by the writer before the Society 
at Cleveland last September, the following very encom- 
passing paragraphs disposed of these important studies 
in rapid succession. This subject matter is precisely 
that which will be developed in full detail herein. 


Thus, the aerodynamic relationships existing in the 
three or four widely different combinations of rotor 
and fixed wing were studied assiduously from the fol- 
lowing points of view: first, the distribution of lift be- 
tween the rotor and the fixed wing; second, corrections 
to slopes of lift curves due to aspect ratio; third, in- 
fluence of aspect ratio of the fixed wing on efficiency; 
fourth, study of the lift or thrust vectors on the rotor 
through a wide range of speeds; fifth, effect of lateral 
inclination or offset of the rotor axis on stability of 
the craft; sixth, a thorough study of longitudinal bal- 
ance and stability of these various types of Autogiro 
to determine the permissible displacement of the cen- 
ter of gravity without impairing the behavior of the 
machine in its various slow forward speeds or nearly 
vertical descent, or sacrificing longitudinal stability 
at high speed. 

In this study, the effect of the relative location of 
the center of gravity and the center of rotation of the 
rotor, the location and area of the fixed wing, the 
location and area of the tail, the position and inclina- 
tion of the engine thrust were all analyzed empirically, 
and this has resulted in satisfactory coefficients and 
factors governing each of these complex variables in 
individual Autogiro designs. Thus, the fixed-wing and 
tail-area stabilizing coefficients and the correct con- 
trol-area coefficients have been derived, all of which 
work contributes to the production of Autogiros of 
much better performance and control. 


Lift Distribution between Fixed Wing and Rotor 


To obtain a general law of variation in distribution 
of lift between the fixed wing and the rotor, a series of 
numerical examples, in which the dimensions affecting 
distribution were varied, were solved. The data for 
these computations were obtained from the Theory. 

The first example is one in which the fixed-wing area 
and the rotor diameter are constant, the solidity being 
varied through a range that will cover any practical 
Autogiro rotor. For this example, the fixed-wing area 
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TABLE 1—DETERMINATION OF FIXED-WING 
OF 90 SQ. FT., WITH ASPECT RATIO OF 


Solidity 


o 


.055 
070 
.O85 
.100 
.115 
.130 
055 
.070 
0.085 
0.100 
0.115 
0.130 


6.0 


#Slope of lift curve of Gottingen 


test No. 422. 


is taken as 90 sq. ft. and the rotor diameter as 45 ft., 
which are dimensions in use on the PCA-2 Autogiros. 


9 
Induced Angle of 
D/L of Downwash Rotor 
Rotor on Fixed Incidence 
(Le/a) (0/2) Wing, Deg Deg. 
0.00401 0.220 -2.09 
0.00511 0.293 —1.98 
0.00621 0.356 -1.88 
0.00730 0.419 -1.80 
0.00840 0.469 -1.7 
0.00950 0.544 1.66 
0.0841 4.824 +10.85 
0.1072 6.154 +12.08 
0.130 7.469 +13.27 
0.153 8.80 +14.50 
0.176 10.138 +15.65 
0.199 11.479 +16.88 
$29 airfoil, corrected to aspe 


AND ROTOR CHARACTERISTICS FOR FIXED-WING 


AREA 


AS IN THE PCA-2 AND ROTOR DIAMETER OF 45 FT. 


Fixed-Wing 
Incidence 
from 0 Lift 
(Corrected 
for Down- 
wash), Deg. 


Jf td at 
1 


ect ratic of 9 


Over-All -All ( 





l ‘ombined Lift 
Rotor Lift, Wing Lift Over-All Lift, Carried 
Lb. pe Lb. per Lb. per by Rotor, 
M.P.H.? M.P.H M.P.H.? Per Cent 
0.0652 0.0297 0.0949 68.7 
0.0829 0.0306 0.1135 73.1 
0.1008 0.03128 0.1 OS 76.2 
0.1186 0.03155 0.15015 79.0 
0.1364 0.0314 0.1683 $1.1 
0.1544 0.0318 O.1LN¢ 82.9 
1.368 0.1778 SS.6 
1.74 0.175¢ 90.9 
2.11 0.1736 v2.4 
2.484 0.1717 99.0 
2.86 0.1683 4 94.5 
3.23 0.1665 OF 95.1 
0.0001982, from Né York University wind-tunnel 





The pitch angle ¢ of the rotor is taken as 4 deg. 


The steps in determining the relative distribution are 
the computation of the induced-drag-lift ratio of the 


wing 


of the wing and the rotor. 


lifts in pounds per mile per 


rotor, the mean angle of downwash on the fixed wing, 
the rotor and fixed-wing incidences, the rotor and fixed- 
over-all 
squared, and the total lift, which is the sum of the lifts 
The percentage of lift car- 


hour 








— 


b 





d 


h 


Lie 
(Li/hi) n 
(LZ h yt 


m 


R 
Ss 








= perpendicular 


Symbols Used 


Dimensions of the Autogiro 


= aspect ratio of the fixed wing 


number of rotor blades 

chord of rotor blade, inches 

distance from axis of rotor to horizontal 
articulation pin, inches. (d is also used 
conventionally to indicate differential) 
distance between center of gravity and 
plane of rotor, inches 

distance between rotor 
thrust line (constructional) and center of 
gravity, inches 

value of L:; corrected for fixed-wing lift 


— ratio for nose-heavy-balance condition 
= ratio for tail-heavy-balance condition 


— total area 


ratio of fixed-wing area to virtual blade 
area 


- radius of the rotor, feet 


of blades, when rectangular, 


square feet 


= pitch angle of blades, from no-lift inci- 


dence, degrees 
solidity of rotor; in the case of rectangu- 
lar blades ¢ S/ (7R’*) 


Movements of the Autogiro 


angle of incidence, measured as angle of 
axis of rotation to vertical, regarded as 
positive when axis is inclined backward, 
degrees 

rotor speed, revolutions per minute 

speed of horizontal displacement of ma- 
chine, usually in miles per hour 

vertical speed in vertical descent, feet per 
second 

speed of air flow through the rotor disc, 
feet per second 


= induced speed, when considered as con- 


stant through the disc, feet per second 





in the Pa per 


angle between longitudinal axis of rotor 
blade and plane perpendicular to axis of 
rotation, degrees 

average value of 8, degrees 

angle between average plane of rotation 
of articulated blades and plane perpendic- 
ular to axis of rotation, degrees 
value of for which 8 the 
radians 


y is maximum, 


- angular position of blade, when measured 


from forward position and in direction of 
rotation, radians 


peripheral speed at rotor-blade tips, miles 


per hour when used in °/V, elsewhere, 
feet per second 
angular speed = °/R, radians 


Forces on the 


dL.-/da for 
be constant 


Autogiro 


the airfoil used, assumed to 


- drag, pounds 


(Bo — € cos )/ (2 Bo) 2 
lift, pounds 
lift coefficient of rotor, in English abso- 


lute system 

total thrust or reaction, pounds 

weight of the machine, pounds 

weight of one blade of the rotor, pounds 
actual resultant incidence of an element 
of the blade, degrees 

minimum profile drag of airfoil used 
density of the air 


Assumptions 


number of blades = 4 

radius of rotor, assumed to be constant 
(pgc) (27R*) [1/(4 wo) —1/T] 
(€ cos ¢ — B)/ (2 Bo) 

blade-tip pitch angle = 4 deg. 
solidity = area of rotor blades 
rotor disc 


area of 
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ried by the rotor is 100 times the ratio of the over-all 
rotor lift to the total lift. These steps are shown in 
Table 1. The determination of ratio m in Table 1 is 
shown in Table 2, and the relation between m and the 
percentage of lift carried by the rotor is shown in Fig. 1. 

In the second example, a rotor of 45-ft. diameter and 
of solidity of 0.100 is held constant, with a fixed wing of 
varying area but a constant aspect ratio of 9. The 
genera] method is very similar to that used in obtaining 
Table 1. The tabulated values are shown in Table 3, in 
which the angle of downwash, the rotor and fixed-wing 
incidence and the over-all rotor lift are used from 
Table 1. 

In Fig. 2 the data from Table 3 are plotted to show 
the relationship between m and the percentage of lift 
carried by the rotor. 

From Figs. 1 and 2, it is apparent that the percentage 
of lift carried by the rotor at 2/V = 6.0 (the high- 
angle-of-attack condition, approximately 14 deg. in 
present rotors) is practically a linear function of the 
ratio m. The different values for this condition from 
the two figures check reasonably closely. However, for 








TABLE 2—DETERMINATION OF m FOR FIXED WING OF 90 SQ. FT. 


Solidity Virtual Blade Area Ratio m = Fixed-Wing Area 


o (7 R’c) Sq. Ft. - Virtual Blade Area 
0.055 87.-¢ 1.03 
0.070 111.3 0.807 
0.085 135.2 0.665 
0.100 159.0 0.566 
0.115 182.8 0.493 
0.130 206.8 0.435 





the case of 2/V 1.5 (the low-angle-of-attack condi- 
tion, approximately —1.8 deg. in present rotors), this 
difference is very nearly 2 per cent for the higher values 
of m. This is because several variations of rotor diam- 
eter, solidity and fixed-wing area are possible, which 
give the same value of m. Consequently, the way recom- 
mended as most logical for finding the distribution of 
lift between the fixed wing and the rotor is to use the 
curves of Fixed-Wing Incidence Corrected for Rotor 
Downwash, shown in Figs. 3 and 4. These values have 
been computed in the same way as the fixed-wing in- 
cidence in Table 1. 

The procedure in determining the lift distribution, at 
Q/V 1.5, between the fixed wing and rotor in any 
combination is: 


(1) Determine the over-all rotor lift. In engineering 
units, this is the appropriate value of Lce/¢ 


>m 





ft Carried by Rotor 


p , 
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85 0.025 0.050 0.075 0.100 9.125 0.150 0.175 


FIXED-WING INCIDENCE CORRECTED FOR DOWNWASH AT 
ROTOR CENTER BLADE PITCH ANGLES 0, 2, 4 AND 6 DEG. 
FROM NO-LIFT INCIDENCE 


Fig. 3 (Above) For Low Ange of Attack (2/V 1.5) 
Fig. 4 (Below)—For High Angle of Attack (2/V = 6.0) 


TABLE 3—-CHARACTERISTICS OF FIXED WING AND ROTOR FOR A 


DIAMETER OF 45 FT. AND ¢ — 0.100 


Fixed- Over-All Combined Lift 
Wing Wing Lift, Over-All Lift, Carried 
Area, Lb. per Lb. per by Rotor, Ratio 
2/V Sq. Ft. ML. MF. Per Cent m 
1.5 60 0.0210 0.1396 85.0 0.377 
90 0.03155 0.15015 79.0 0.566 
120 0.04205 0.16065 73.9 0.754 
150 0.0526 0.1712 69.2 0.942 
6.0 60 0.1145 2.5985 95.7 0.377 
90 0.1717 2.6557 93.6 0.566 
120 0.2290 2.718 91.6 0.754 
150 0.2865 2.7705 89.7 0.942 





oO 











oO 
re) 





Ratio m 








i a 
Lift Carried by Rotor, per cent 


RELATIONSHIP BETWEEN RATIO m (SEE BOX) AND PERCENTAGE OF LIFT CARRIED BY THE ROTOR 


Fig. 1 From Data in Table 1 


Fig. 2—From Data in Table 3 
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Fic. 5—CORRECTION FACTORS FOR SLOPE OF LIFT CURVE 


(from Table 4 of the Theory) multiplied by 
times the disc area in square feet times 0.00511. 
(2) The over-all fixed-wing lift is the incidence fron 
zero lift (from Fig. 3) times the slope of th 
lift curve (corrected for aspect ratio); in en 


gineering units, dLc/dau times the fixed-wing 
area in square feet. 


(3) The combined 
and (2). 

(4) The percentage of lift 
(1) divided by (3). 


over-all lift is the sum of (1) 


carried by the rotor is 

The corrected incidence of the fixed wing for 2/V 
6.0 (high angle of attack) is given in Fig. 4, and 
the relative distribution of lift will be determined in 
the same manner as for 2/V 1.5. 

The fact that in this study data are given which make 
possible the finding of the lift distribution for any com- 
bination of fixed wing and the rotor must not be taken to 
imply that any such combination can be used indiscrimi- 
nately in the Autogiro. The purpose is to indicate the 
way in which to calculate the lift distribution for any 
minor variation from the dimensions recommended in 
the Theory, these minor variations being the result of 
practical considerations that often enter into the design 
of the machine. 


Corrections to Slopes of Lift Curves for Aspect Ratio 


In the foregoing discussion of the distribution of lift 
between the fixed wing and the rotor, the fixed-wing lift 
is computed in terms of incidence above zero lift, area 
and slope of the lift curve, corrected for aspect ratio. 
This last characteristic requires the greatest amount of 
computation, and the purpose of this study is to derive 
curves that will give correction factors to aid in deter- 
mining the slope of the lift curve for any new aspect 
ratio. 

American practice is to obtain wind-tunnel tests at 
aspect ratios of 6, whereas some Continental European 


*See Airplane Design, by Edward I Warner, p. 336 





TABLE 4—RATIOS OF SLOPE OF LIFT CURVE AT ASPECT RATIOS 
DIFFERENT FROM THAT AT WHICH THE SECTION WAS TESTED 
Tested at 

Aspect Ratio 5 


Tested at 
Aspect Ratio 6 


Aspect Aspect 
Ratio Factor Ratio Factor 
2 0.725 Z 0.697 
3 0.857 3 0.824 
4 0.941 4 0.904 
5 1.000 5 0.960 
6 1.042 6 1.000 
7 1.077 7 1.034 
8 1.102 8 1.058 
10 1.142 10 1.096 
12 1.170 12 1.123 
The curves of correction factor versus aspect rat are shown 


in Fig. 5 





Ne 


practice is to obtain tests at an aspect ratio of 5. Con- 
sequently, two curves are constructed in Fig. 5, one for 
airfoils tested at an aspect ratio of 6, the other for those 
tested at 5. 

Warner’ gives the slope of the lift curve, in engineer- 
ing units, as 


( oe ) ( oe ) ‘ 5 (1) 


( 
1 + 22,400 (~~) (TA) 
where 
(dL aa) slope of tne life curve [a I of 
aspect ratio A 
(dLc/da) oO slope of the lift curve of the same sec 


tion at an aspect ratio 


Using the above relation and calling (dL 
for the aspect ratio tested, Table 4 is derived. 


Influence of Fixed-Wing Aspect Ratio on Efficiency 


To show the effect of area and aspect ratio of the 
fixed wings on the over-all efficiency, the L/D ratios for 
the combination of fixed wing and rotor in three actual 





Autogiros were computed. Also computations were 
7 
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LIFT-DRAG CURVES FOR SEVERAL AUTOGIROS 
(Above)—Corrected for Aspect Ratio of Fixed Wings fron 
Zero Lift to 10 Deeg 
Fis i (Be wv ) Over-A Ratios for Combined Fixed Wing and 
Rotor 


DIMENSIONS OF AUTOGIROS CHARTED IN FIGS. 6 AND 


ing 





a b. 

SF 5+ ae 

oO iM _o 

45,2 m On solidity dLec/d« 
Autogiro No. 1 50 4 i 1.07 0.1003 0.0001995 
\utogiro No. 2 SS 5.9 a) 1 0) 0.0976 0.0001982 
Autogiro No. 3 100 5.2 $1 1,320 0.1000 0.0001781 
Hypothetical No. 1 75 8.0 1,000 0.1000 0.0001950 
Hypothetical No.2 75 10.0 1,000 0.1000 0.0001950 
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made for two hypothetical machines in which the fixed- 
wing area was 0.75 x R’s, as recommended in the The- 
ory, with aspect ratios of 8 and 10. 

All of the fixed wings were considered to be of Gdot- 
tingen-429 airfoil section, the characteristics of which 
are given in New York University wind-tunnel test No. 
422. As the data from this test show, the lift curve is 
practically a straight line to an angle of attack of 10 
deg. As the fixed wings of the machines considered do 
not operate above 10 deg., corrections for aspect ratio 
from zero lift to 10 deg. were made to the slope of the 
lift curves and the drag for aspect ratio’, with the re- 
sulting L/D curves shown in Fig. 6. As the computa- 
tions outlined are familiar to engineers, they are not 
given here. 

The next steps in the investigation were taken to de- 
termine the lift distribution between the fixed wing and 
the rotor, the ‘“‘weighted” L/D ratios for the fixed wing 
and rotor, and, finally, the over-all L/D ratios for the 
combined fixed wing and rotor. These steps are similar 
to those shown in Table 1. The over-all L/D ratios for 
the combined fixed wing and rotor are shown in Fig. 7. 

A correction to the fixed-wing L/D for downwash is 
necessary because the mean relative wind over the fixed 
wing is already distorted to the angle </2 due to rotor 
downwash, and the effective L/D of the fixed wing with 
respect to the undisturbed air will be decreased. 

From Fig. 7 it is observed that the efficiency with low- 
aspect-ratio fixed wings is relatively lower than where 
high aspect ratio is used. Even with the area of the 
low-aspect-ratio fixed wing as recommend by Cierva, 
the Autogiros having higher aspect ratio but less fixed- 
wing area are the more efficient. In the two hypotheti- 
cal cases computed, the relative fixed-wing area is that 
recommended by Cierva. The benefits due to both cor- 
rect wing area and favorable aspect ratio are shown by 
substantial increases in efficiency at the higher speeds. 

From this investigation, it is apparent that, if the 
fixed-wing area is limited, the use of this small area at 
high aspect ratio is advisable. If no such limitation is 
imposed and the structural problems introduced by high 
aspect ratio are not too great, the use of the area rec- 
ommended by Cierva at a high aspect ratio, preferably 
8 or above, is advisable. These conclusions are influenced 
largely by considerations of the maintenance of correct 
rotor speed throughout the full range of flight speeds. 

Many other relationships, particularly those dealing 
with longitudinal stability and balance, are affected by 
the fixed-wing-and-rotor combination. Some of these 
will be discussed more fully later in this paper. 


Correct Location and Setting of Rotor Axis 


In the attachment of the rotor to the pylon and the 
rest of the Autogiro, particular care must be exercised 
\irplane Design, by Edward P. Warner, pp. 96 and 336. 





TABLE 6—THRUST OFFSET IN PERCENTAGE OF d 





Offset 
os in Per- 
S Ct nt ife 
. € cos , Das (€ COS © of d 
Q/V Deg Deg Deg. Bo) /2 Bo 22 22+ % 
1 Deg t 1.5 1.0 7 3.7 0.463 0.926 16 
} l 2.0 3.9 t > 6 ).333 0.666 S 
2.5 } L.z 0.146 0.292 64.6 
30 . = j 0 0 0 50.0 
4.0) 1.7 2.9 1.8 0.191 0.382 
6.0 3 2.0 . 3 0.311 0.622 
10 Deg. at 1.5 10.0 ey 2.3 0.115 0.23 
Q/V 1.5 2.0 9.8 6.5 $3 —f, 168 0.336 33 
9.5 10.2 S 1.9 0.240 0.48 26.0 
20 10.8 4.3 6.5 0.2300 0.60 20.0 
1.0 1] 2 8.9 0.377 0.754 12 
6.0 13.1 2.0 11.1] 0.423 0.846 my 
20 Deg t 1 20 7 1 0.308 0.616 19.2 
\ , 20 19 ¢ 0 0.3% 0.666 16.7 
2.0 0 yd 0.371 0.742 12.9 
0 21.6 1 4 0.400 O.80 10.0 
10 2 2 20 0.438 O.87¢ 6.2 
6.0 26.2 2.U 24.2 0.46 0.924 S 








in the proper corrective settings which adequately com- 
pensate for the movement of rotor thrust with increased 
speed. To this end, numerous studies have been made of 
the direction and extent of the inclination and offset of 
rotor thrust for various speeds in machines of all sizes. 
From results obtained, any new rotor can be placed with 
full consideration of longitudinal stability and longitudi- 
nal and lateral balance throughout the range of flight 
speeds obtainable. 

Quantitative studies were then made of the rolling 
moments due to this tilt and inclination of the thrust 
line of the rotor on several Autogiros to ascertain the 
effect of these forces on lateral stability and control. 
Further studies were made of the influence of the com- 
bined rolling moments from the rotor and the torque 
reactions from the propeller, particularly with the view 
of having the correct direction of rotation for pusher 
planes to propeller-torque reaction which is reversed in 
direction. 


Lift or Thrust Vectors of the Rotor 


A study of the lift or thrust vectors of the rotor 
through a wide range of speeds has been made to estab- 
lish the maximum and minimum of rotor thrust-line tilt 
and offset. To obtain these enough values must be com- 
puted to give a set of curves from which the “blanket” 
conditions, or values, can be taken. Several assumptions 
are necessary to solve the formulas, but an effort is 
made to choose the values of these assumptions so that 
all normal Autogiros will fall within the limits that are 
concluded to be critical. 

All computations are based upon relationships estab- 
lished by Cierva in the Theory. In this study two con- 
ditions are found which, while not strictly accurate for 
each individual case, are close enough to give designs 
that err, if at all, on the conservative side. They are 
high angle of attack and low angle of attack, consid- 





TABLE 5—CONING AND FLAPPING ANGLES 


(Tables to Which References Are Made Are in Cierva’s Theory) 


Le/¢ (2/V)*[1/ (Le/c) ] 

2/V (Table 4) (2/V)? 1/ (Le/e) 

1.5 0.146 2.25 6.85 15.41 
2.0 0.254 4.0 3.94 15.77 
25 0.416 6.25 2.405 15.04 
20) 0.630 9.0 1.588 14.30 
1.0 .222 16.0 0.818 13.10 
6.0 3.06 36.0 0.327 13.70 


3 


For 10 Deg. 


For 4 Deg. For 20 Deg. € cos 
(Z; = 61.7)¢ (Z2 = 154.1)? (Z3 = 308.2)¢ (Table 10) 
Deg. Deg. Deg. Deg. 
4.0 10.0 20.0 (ie 
3.0 9.8 19.5 6.5 
4.1 10.2 20.5 5.3 
4.3 10.8 21.6 4.3 
4.7 11.8 23.5 2.9 
5.3 13.1 26.2 2.0 
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TABLE 7—FEATURES AFFECTING ROLLING MOMENT FROM ROTOR 
Autogiro PCA-2 Autogiro PAA-1 


Item 2/V—2 2/V—6 2/V—2 2/V—6 


Gross Weight, lb. 3,000 3,000 1.750 1,750 
Rotor Thrust, lb. 2,460 2,770 1,436 1,614 
Rotor Speed, r.p.m. 137.5 126.2 153.8 142.0 
Bo, deg. 5.15 7.00 4.86 6.48 
€ cos ¢%, deg. 5.3 1.6 5.3 1.6 
€e sin ¥, deg. 6.96 1.92 6.73 1.82 
Bo +e sin ¥, deg. 12.11 8.92 11.59 8.30 
8 —esin y, deg. —1.81 + 5.08 — 1.87 + 4.66 
Horizontal Offset of Center 

Line of Pin, d in. 33% 3% 234 2% 
Rotor Inclination, deg. 2%L. 24% L. 1 L. 1 L. 


Rotor Offset 6-lb. ballast on 
tip of right 


wing 


Pylon offset 1 
in. to right of 
plane of 
symmetry 





eration of which will cover all intermediate conditions. 
No attempt has been made in previous designs to formu- 
late conditions. The tilt and offset of the rotor thrust 





puted for Q/V = 1.5, 2, 2.5, 3.0, 4.0 and 6.0 for each 
value of 8 This range of 2/V is shown by Cierva as 
the greatest range through which the thrust tilt and 
offset will be noticeably affected. 

From the Theory we see that the coning angle 8, 
varies as a function of Q/V, since 


1 
1 1 = : 9 
(pgs) (2rR are ) ae 2} (2) 
iin ( — = (Fe M4; 3) | 


For any Autogiro flying under given conditions, the 
first three terms may be replaced by a constant factor. 


Let Z (pgs) (27R*) [1/(4W)) Ta 
then p 1 
Bo =Z r (3) 
: 1 ‘ 
Q/J v( ) 
L sai 
To find the value of the constant Z, the assumed 
value of 8, will be substituted at Q/V 1.5. Knowing 


the value of Z, 8, can be computed for 


sue the complete 
range in function of Q/V; therefore 





/ a) ? l 
line occurs longitudinally and laterally simultaneously. Z by (2/V) a (4) 
In other words, the rotor thrust line may be offset The thrust offset of tl — le he TI 
* . . . > S S > ) > ad . . . > > 17 
toward the forward horizontal articulation and at the aie Aes aoe the reory: 
same time offset laterally toward the left horizontal j, which = “POPs (9) 
articulation. This study recognizes only the longitudi- K ’ ‘ 
nal movement, as the lateral movement is relatively less | i . (Po — € cos o) /( ) 2d 
important. ; ee — : 
Since the average coning angle 4, is affected by solid- = F 
ity, blade weight, pitch angle and other factors, a wide which gives 7 act 
range will be investigated. The normal range of 8, is ” K=—%d 
from 6 to 12 deg. We shall compute for values of & : 
. . . Thr “oO , ») ) 
4, 10 and 20 deg., which will cover all probable combina- Thrust offset = (K (o d) : ( dz + d)/2 
tions of conditions (See Tables 5 and 6). oe )]/2 
Values of thrust tilt and thrust offset will be com- Offset in percentage of d = [d (2 1) /2]/d = (2z+1)/2 
wW 7 le) qle \ 
OT TracK TA 1CK \ 
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ieee a \ 
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f rward | | | | 
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Fig. 8—GRAPHICAL REPRESENTA- Fic. 9—CHANGE IN INCLINATION OF Fic. 10O—THRUST OFFSET WITH VA- 
TION OF POSITION AND DIRECTION THRUST WITH CHANGES IN RATIO RIOUS RATIOS OF BLADE-TIP SPEED 
OF ROTOR THRUST OF PERIPHERAL SPEED AT BLADE TIP TO SPEED OF FORWARD MOTION AND 
TO SPEED OF FORWARD MOTION VARIOUS ANGLES OF BLADE 
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Center of Gravity 


Right Wing 


FORCES ACTING TO PRODUCE ROLLING MOMENTS IN Two AUTOGIROS AT HIGH AND LOW SPEEDS 


For Data See 
The 


The 


PCA-2, 03/¥=2.6 
PCA-2, 2/V 

The total thrust on a rotor is inclined upward and 
backward, with relation to the axis of rotation, by 
angles equal to the longitudinal flapping angle « cos ¢, as 
stated in the Theory. The computations for thrust off- 
set are shown in Table 6. The position and direction of 
the total thrust are represented graphically in Fig. 8 
for all conditions computed. 

Fig. 9 indicates the change in thrust inclination with 
changes in Q/V ratio. Note that, at the maxmium ad- 
visable 2/V_ ratio 1.25, the inclination is approxi- 
mately 9 deg.; also that at the other end of the range 
the inclination approaches zero, which we know it does 
in vertical descent (Q/V = x) since no flapping occurs 
in that attitude. 

Fig. 10 shows the thrust offset with various values of 
Q/V and 8. From inspection it is apparent that the 
limits of thrust offset lie at 0 and 100 per cent of d. 

The following applications of load will cover the de- 
sign conditions required to give satisfactory results in 
the design of normal Autogiros: 


(1) For high angle of attack (2/V > 6), the rotor 
thrust is coincident with the center line of 
rotation. Inclination and offset equal zero. 

For low angle of attack (2/V = 1.5), the rotor- 
thrust passes through the forward horizontal 
pin and is inclined upward and backward at 10 
deg. to the axis of rotation. 


These design conditions cover all flight conditions to 
and including 2/V 1.25 and a coning angle of 8, = 4 
deg., both of which are very conservative in the light of 
present designs. 


(2) 


Quantitative Study of Rolling Moments 


The quality of rolling moments resulting from both 
the inclination and the tilt of the rotor thrust line, due 
to flapping, has been known for some time. To have a 


Tables 7 and 8 


Fig. 
Fig. 


13 
14- 


The 
The 


PAA-1, 2/V 
PAA-1, 0/V=6.0 


2.0 


better idea of the magnitude of these rolling moments, 
the following study was made for the high-speed and 
the low-speed flight conditions of the PCA-2 and the 
PAA-1 Autogiros. 

The average coning angle was computed from the 
known weights of the machine and the blade and the 
relations as set forth in the Theory. The cemputations 
of the lateral flapping angles were exactly as set forth 
in the Theory. The tabulated values of the different 
features entering into the computation of rolling mo- 
ments due to flapping appear in Table 7. 


TABLE 8—ROLLING MOMENTS OF TWO AUTOGIROS CAUSED BY 
FLAPPING, ROTOR OFFSET AND WING BALLAST 
PCA—2 PAA—1 
Moment Due to Q/V = 2.0 02/V = 2.0 
Inclination of 61.4375 «2,460 x sin + 1,436 * 54 X sin 

Thrust 4.46 deg. = + 11,720 5.73 dex. = + 7,730 

lb-in. lb-in 
Offset of Hori- 5,260 x 3 3% x sin + 2% xX 3,315 xX sin 

zontal Pins 1.81 deg. + 5,260 x 1.87 deg. + 2% xX 

33% X sin 12.11 deg. 3,315 xX sin 11.59 

+ 4,274 lb-in. deg. + 2,134 lb-in. 

Ballast in Right- 6 155.5 933 lb-in. — 1,436 X* 0.875 x 

Wing Tip cos 5.87 deg. = — 
1,250 lb-in. 

Total Moment + 11,720 + 4,274 + + 7,730 + 2,134 — 
933 + 16,927 lb- 1,250 = + 8,614 lb- 
in. in 

0/V 6.0 Q2/V = 6.0 
Inclination of — 61.4375 2.770 xX + 1,614 X 54 X sin 

Thrust sin 0.58 deg. 0.82 deg. = + 1,264 
1,700 lb-in. lb-in. 

Offset of Hori- — 4,430 x 3% x sin — 2% xX 2,815 x sin 

zontal Pins 5.08 deg. + 4,430 4.66 deg. + 2% x 
33% X sin 8.92 deg. 2,815 xX sin 8.3 deg. 

974 lb-in. = + 484 Ib-in. 
Offset of Pylon + 6 X 155.5 -= + — 1,614 X % X cos 

Center Lins 933 lb-in. 0.82 deg. = — 1,413 

lb-in. 

Total Moment - 1,700 + 974 + 933 = + 335 Ib-in. 

207 Ib-in. + 1,264 + 484 — 1,413 


June, 1932 
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Fic. 15—CAUSES OF TOTAL ROLLING MOMENT PRODUCED BY 
THE ROTOR 
Inclination of Rotor Thrust Causes Part of the Moment. ¢ 
gal Tension of Opposit Rotor Blades Acting <A 
Because of Offset of Rotor Reaction, Causes an Additional M 
Crld sin ( Sil ) I é )] 
Forces acting at the different flight conditions on 


these two machines are shown in Figs. 11 to 14. The 
rolling moments.due to flapping, rotor offset and ballast 
are as given for each of the machines in Table 8, a roll- 
ing moment tending to drop the right wing being con 
sidered positive. 

The rolling moments due to the rotor are then 


Speed, 2/V —2, Speed, 2/V—6, 
Machine | AA Lb-In. M.P.H. Lb-In. 
PCA-2 110.0 +. 16,927 34.0 1 207 
PAA-1 101.0 8,614 31.0 1 335 


This investigation shows the magnitude of the roiling 
moments and the different speeds at which they occur, 
which will in turn give an indication of the amount of 
lateral control that is available to overcome these in- 
duced rolling moments. 


Directions of Rotor and Propeller Rotation 


In many of the earlier models of Autogiro the direc- 
tion of rotation of the rotor and the propeller was such 
that an excessive rolling moment was encountered, espe- 
cially when the flapping angles were more pronounced 
with increase of speed. Considerable lateral adjustment, 
provided for by controllable pylons, necessary to 
maintain lateral balance in fast forward flight with 
power on, and this adjustment had to be decreased as 
soon as the power was reduced. Since 1928, the direc- 
tions of rotation of the engine and the rotor have been 
the same when viewed from the pilot’s seat, and the im- 
proved flying characteristics of the tractor planes have 
permitted the elimination of the laterally controlled 
pylon. 

The belief at first was that this interrelation of the 
direction of rotation of the rotor and the propeller was 
necessitated by an interaction of the propeller slip 
stream and the rotor downwash, in function of race 
rotation. Further investigation has shown, however, 
that it is much more logical to ascribe the necessity of 
this rotor-propeller arrangement to the torque reaction 
of the propeller and a rolling moment from the rotor at 
high speeds, as described below. 

The well-known torque reaction from a propeller gives 
a rolling moment that is opposite to the direction of ro- 
tation of the propeller. Given the engine power and pro- 
peller speed in revolutions per minute, the actual torque 
can be determined by a simple computation. 

In a tractor, besides the tendency of the torque reac- 
tion of American engines to roll the machine to the left, 


+ 
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a secondary force tends to yaw the machine in the same 
direction as that induced by the roll. This secondary 
force is contributed by the race rotation of the slip- 
stream causing the air to strike the left side of the ver- 
tical surfaces with a small positive incidence. This 
tends to force the tail of the machine to the right, pro- 
ducing a yaw to the left. 

The rolling moment from the rotor is zero in vertical 
descent, is practically zero at very low forward speeds 
and increases gradually until it reaches the maximum 
at the highest forward speed. This moment is caused 
by the fact that, with forward speed of any magnitude, 
the advancing blade is relatively lower than the retreat- 
ing blade, owing to lateral flapping of the rotor blades. 
With an average coning angle of 6 deg. and a lateral 
flapping angle of 6 deg., the advancing blade would be 
level and the retreating blade 12 deg. above the hori- 
zontal, neglecting any lateral inclination of the pylon. 
The total rolling moment from the rotor can be divided 
into two parts, one of which is caused by the centrifugal 
tension of individual opposite blades not acting sym- 
metrically (See Fig. 15), and the other by the inclina- 
tion of the rotor thrust (See Figs. 15 and 16). 

It may be seen from Fig. 16 that the rolling moment 


due to the inclination of the thrust 


rotor can be cor 
rected for by inclining the rotor, and that, when this 
thrust passes through the center of gravity of the ma- 


chine, the rolling moment is zero. 

Fig. 15 shows the lateral offset of the rotor reaction, 
as well as its inclination. On the latest American Auto- 
giro, the PAA-1, both the inclination and the offset are 
corrected for by the location of the pylon. Apparently, 
from Fig. 15, as long as the machine has forward speed 
and a distance d between the center line of rotation and 
the center line of the horizontal pin, a rolling moment 
will be caused by the rotor. This rolling moment 
been counteracted on the PAA-1 by 
1 in. off the plane of symmetry. 

From Fig. 16, showing an Autogiro with the propeller 
turning in the same direction but with the rotor turning 


has 
locating the pylon 
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in opposite directions in the two drawings, the fact can 
readily be seen that in both cases the propeller torque 
will tend to depress the left wing. In the upper drawing, 
which shows the correct rotor-propeller combination, 
the rolling moment from the rotor acts in a direction op- 
posite to the propeller torque, whereas in the lower 
drawing both the rotor rolling moment and the pro- 
peller torque reaction act in the same direction. 

The difficulty of maintaining lateral balance that was 
experienced with Autogiros of the older type and the 
reduction of this difficulty in the newer machines has 
led to the following conclusion: In any satisfactory 
Autogiro, the rotor moments and the engine torque 
should be analyzed and the combination be arranged so 
that the rolling moments from these two elements will 
act to decrease the total final moment. Therefore, in a 
pusher, the directions of rotation of the propeller and 
the rotor should be opposite, when seen from the pilot’s 
cockpit, whereas tractors have proved entirely satisfac- 
tory with the directions of rotation the same. 


Balance Variation 


To obtain data on the allowable displacement of the 
center of gravity that could be used in future designs, 
a number of tests have been conducted by the Autogiro 
Co. of America on Autogiros of various sizes. No at- 
tempt was made in the earlier tests to find the most 
nose-heavy condition that was regarded as allowable; 
the maximum tail-heavy condition alone being investi- 
gated. In the later tests, both the allowable nose-heavy 
and tail-heavy conditions were investigated. 

The tests consisted in adding or deducting increments 
of ballast to or from the machine under test, in either 
the nose or the tail, depending upon the condition being 
investigated. A pilot would then fly the machine and, 
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FIG. 17—-DETERMINATION OF DIRECTION OF RESULTANT OF 
FIXED WING IN OBTAINING DATA ON ALLOWABLE CENTER- 
OF-GRAVITY DISPLACEMENT 
The the 


Angle Resultant 


Wine Vector Makes with the Ver- 

tical Is 
5.95 Deg Tan-1 (1/20.1) = 5.95 — 2.85 3.1 Deg. 
Therefore 
a 2.37 tan 3.1 Deg. = 2.37 X 0.0542 = 0.13 In. 
Lever-Arm b (21.37 + 0.13) sin 3.1 Deg. — 0.13 cosec 3.1 Deg. 
21.50 & 0.0541 (0.13/0.0541) 
1.16 2.41 1.25 
(These Reference Letters Apply to This Figure Only) 


with throttle all the way back, determine whether he 
regarded the machine as being practical for a new pilot 
in case of loss of power. In the tail-heavy condition, 
the machine was considered satisfactory if, with the 














At {Im . 7 ‘TID TAD nH ’ . 
TAB SET OF AUTOGIRO BALANCE FORMULAS 
oS of 
3 HS he 
- Be = ».. - = 
a a oe => C= be = 
3 ns en > a bs & 
~~ > So ee m ” 4 — ~ EO 
=o Fed nS : Wi «. [a 2 D be 
SO oS oT i, o = ewe = ta) = = HO 
2 y r = x S cm ~ baal © 
Sag a wl 3 = a = es _~ 
Ss Oo 8A e> Is & oe - >= = : = 2% 
~o Cb - - S > Se es Ze “s : ~ es 
= ~ = y eo 2. Sn - i oe bes ae =! > 
; ° at = ~ >O J ~¢ == = ~ = he 
. > ei - I. a OS < SO fe C ~ = & ~~ ~ ad 
I € J Je 
Tail-Heavy Balance 
\ N 6 S 0.086 14.22 30 9.1 14.75 i 7.36 634 0.265 1.925 69.02 0.0278 6,900 0.0096 
( ' ( { 0.106 14.3 26.0 7.4 12.40 4 15.47 726 —0.558 1.507 $8.95 0.0308 4,350 0.0092 
CA N ( ‘0 = O.O9TF 14.22 25.8 8.9 13.24 } 5.61 05 —0).2 1.54 8.33 0.0264 6,310 0.0104 
PAA Ni » 0.10038 14.27 25.9 9.43 13.60 } 1.81 107 0.066 1.164 52.29 0.0222 38.070 0.0117 
LA No 600 ( 0.1003 14.27 25.9 ¥.43 13.60 j 2.53 147 0.092 1.618 29 «60.0309 ,070 0.0161 a 
‘ \ \ 
(3-499 af 6 { 4.27 2 1.43 13.60 } 7.41 SS6 0.268 OSS 2970 0.039% , 020 0.0188 +-§.0 
LA N 
‘499 fo 1 ( ) 0.100 14.27 9 ) 43 13.60 } 1.41 S 0.0 1.969 2.70 0.0374 02 0.0202 +160 
PAA-1N S 
, QR th a he 2.0 9 43 17.00 } 1 104 0.070 1 2.70 0.0294 020 0.0145 16.7 
\verag 0.0174¢ 
Nose-Heavy Balance 
PCA g r Ne 0.0 7 1 18.4 j i2 10 0.12 >. 67.7 0.07389 6.780 0.0309 a2 9 
PCA N ¢ t b O.094 t 24.2 Ss. 60.2 t 3.71 Hou 0.24 1.38 60.6 0.0721 6.410 0.03803 — © 
PAA-1 N 2 0.100 24 9.43 20.1 1.26 102 0.068 3.4: 3.2 0.0648 3,120 0.03812 —1.9 
LA ‘ 
(7-4 { t :.2 1.43 rG.1 j O7 61 0.495 4 0.0: l 040 0.0299 mt i 
LA N l 
G ' ( 2 } 1 } 1.37 12 0.07 22 1.5 0.0626 060 0.0306 “ 9 
PAA a» 
( ber 1.58 0.1¢ 1.4 { 9.4 20.1 } 2.1 185 1.117 867 1 0.07 of 0.0387 +21.7 
W! r of pressure the wing i n front P the center of g1 ty, the q n S positive 
\ end t \ tl t positive 
\ ( tend ne i Positive 
14.27 : S.7 Ze lift of Clark-Y is at 5-deg. incidence. 
r fe test 
) t.45d . ZC} { ( rk-Y it ».o-deg, incidence. 
S p mputatio1 ttached as supplement to repor 
| f cle ives e final test does not agree very closely with others, as the effort the wing hi: been approximated in 
! Gottinge 129 with tl drooped ailerons gave a Clark-Y section 
= 1029 
jUNE 1932 











S.A.E. JOURNAL 


(Transactions) 








6 -— 
| 2/V=10.0 
Se ace halle 
4+ ; 
= 2] 
© 
sS, 
g 12+ 
Cc 
vo 
= 
> = 
© 
= 
«3 8+ + 
. 3) ' Af I q 
- al 
we 
7 et... 
S 6 
S 32/V=3.0 
o 2 ————EEE a 
2 
6 4 ~ r+ + + R/V=25 + 
_ ae = 
St0/V=2.0 
SO cree 
— i | I | } 
LK —— 
SU/T fe 
. An Ae r 
0 0.025 0.050 0.075 0 0.125 0.175 OQ 


Soli sit ‘. 6 
Fic. 18—CORRECTED FIXED-WING INCIDENCE PLOTTED AGAINST 
SOLIDITY 
For Ratios of 1.5: 
When 


10.0 of Rotor-Tip Speed to Displacement Speed 
Pitch Angle of Blades Is 4 Deg 


throttle all the way back, its tail would not drop and the 
machine would either make a tail slide or turn off to one 
side or the other, but would come down with a steady, 
slow, forward speed. In the nose-heavy condition, a 
machine was considered satisfactory if it could be landed 
“power off” with the Autogiro’s normal characteristics. 

Analysis of the data obtained from these tests indi- 
cates that three possible sets of empirical relations 
could be used in determining the allowable displacement 
of the center of gravity in future designs. In the first, 
the allowable movement is given simply in function of 
L./h,, the gross weight of the machine and the tail mo- 


®See Simple Aerodynamics and th 


Airplane, by Charles N 
Montieth, p. 60 
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Fic. 20—RotTor INCIDENCE PLOTTED AGAINST SOLIDITY WHEN 
PITtcH ANGLE OF BLADES Is 4 DEG. 
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Fic. 19—Lirt-DRAG RATIO CORRECTED FOR ASPECT RATIO 


For Test® in Which Aspect Ratio Is 6 


ment. This will not be discussed further here. In the 
second method, the value of L,; is corrected for the mo- 
ment of the fixed wing (Fig. 17), and all characteristics, 
with the substitution of L, corrected for L,, are used as 
in the first method. The third method consists in deter- 
mining the moments given by the fixed wing and the 
rotor for the different locations of the center of gravity 
and different flight conditions and ascertaining the ef- 
fectiveness of the tail moment in balancing the residual 
moment from the fixed wing and the rotor. 

In the computations of rotor and wing moments from 
test data, the assumption has been made that the tests 
for the tail-heavy condition were made at 2/V 10 and 
that those for the nose-heavy condition were made at 


x 
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Fic. 21—VALVES OF D/L PLOTTED AGAINST SOLIDITY 
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Q/V =6. The rotor characteristics for Q/V = 6 were 
obtained from the Theory; and the curves from the 
Theory were extended graphically to V/Q = 0 to ex- 
trapolate for 2/V = 10. 

The steps taken in determining each set of the em- 
pirical relations for the allowable center-of-gravity lo- 
cation, with explanations of all computations that are 
not obvious, will be given in this study. 

The first set of formulas was derived as functions of 
L,/h,, gross weight and tail moment. The gross weight 
used was the gross weight during any specific test. The 
tail moment was the distance between the center of 
gravity and the center of pressure of the horizontal tail 
surfaces, in inches, times the horizontal tail area in 
square feet. 

In the second set of relations, the value of L, is cor- 
rected for the moment due to the lift of the fixed wing. 
All the machines tested have a fixed-wing area less 
than that for the “combination standard normal” (fixed- 
wing area = 100 per cent of virtual blade area), but all 
areas are such that they will carry nearly the same pro- 
portion of lift. By extrapolation, the fixed wings of all 
machines tested have been assumed to carrying 3.6 per 
cent of the gross weight of the machine at Q/V = 10 
and computed for 2/V = 6 as outlined in the considera- 
tion of lift distribution between the fixed wing and the 
rotor. The direction of the resultant of the fixed wing 
is determined as follows: 

Find the corrected fixed-wing incidence corresponding 
to the rotor solidity (Fig. 18), for which the airfoil 
characteristics (center of pressure and L/D) should be 
found. With these data, and knowing the set incidence 
of the wing with respect to the fuselage and the direc- 
tion of relative air-flow across the wing, the distance be- 
tween the center of gravity and the fixed-wing resultant 
can be determined either graphically or analytically. 
The fixed-wing moment is this distance times the lift 
carried by the fixed wing. This moment is converted to 
an equivalent gross center-of-gravity movement, and 
L, is corrected by this amount. This work is shown in 
Table 9. 

This latter set of data seems to be a little more erratic 
for the tail-heavy condition, but more uniform for the 
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Fic. 22—-SIDE VIEW OF AN AUTOGIRO INDICATING SOURCES OF 
LONGITUDINAL MOMENTS 


nose-heavy condition, than the data worked out for the 
first case. However, as 5 lb. more or less of ballast in 
the tail of the PCA-2 will introduce a balance variation 
of approximately 1000 lb.-in., the data obtained are be- 
lieved to be well within the experimental errors in tests 
of this nature, and an average of the nose-heavy and 
tail-heavy factors is believed to be a good criterion of 
the allowable center-of-gravity displacement in future 
designs. 

Use of the second set of formulas is advised where 
the resultant from the fixed wing does not pass close to 
the center of gravity, as in the case of the C-19 Auto- 
giro. 

In the third method of analysis, the wing moments 
are determined exactly as in the second method. Length 
of the lever-arm of the rotor can be determined in the 
same way; that is, from a layout of the relative location 
and direction of the resultant rotor thrust and the cen- 
ter of gravity. For these low-speed conditions, the dis- 
placement of the rotor thrust line due to flapping is neg- 
lected, the resultant vector being considered as passing 
through the rotor center. The direction of the rotor 
thrust (referred to the constructional rotor axis) is de- 
termined by the rotor incidence (Fig. 20) and the rotor 
D/L ratio (Fig. 21). The angle that this resultant 
makes with the constructional axis is tan’*(D/L)* 
and should always have a slope slightly ahead of the con- 
structional axis. 

In Table 10 the wing moments from Table 9 are 
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Tail-Heavy Balance 
PCA-1 No 9 294 9 308 0 O8S66 29.6 0.584 1.42 2.12 1.34 3,100 634 2.466 —().358 
C.19 1,302 1.25 0.106 28.8 9.570 0.00 0.88 1.31 1,645 726 919 0.211 
PCA-2 No. 5 2.49 2.407 0.0976 27.6 0.547 1.42 2.50 0.63 1.520 505 1,015 0.161 
PAA-1 No. 19 1.62 1.566 0.1003 28.1 0.560 1.67 82 0.17 266 107 L5¢ 0.051 
PAA No. 19 1.600 1 $2? 0.1003 28.1 0.560 1.54 69 0.55 1,005 147 S58 ——={). 379 + 0.082 +1.81 
PAA-1 No. 18 he 
G-429 aft 1,437 1 0.1003 28.1 0.560 1.67 2.82 0.75 1,040 386 1,426 0.472 0.111 2.44 
PAA-1 No. 18 : 
G-429 fore 1 0 1.571 0.1008 28.1 0.560 1.67 S 33 0.9 1,492 S 1,409 —0.465 —0.104 2.30 
PAA No. 18 ; 
Camber fore 1,4 134 0.1003 28.1 0.560 1.67 2.82 0. 790 104 686 —0.228 +0.133 +2.94 
Average, 0.361% 
Nose-Heavy Balai ce . " 
PCA-1 No. 3 2 §31 263 0.0866 15.30 0.314 1.42 3.55 2.59 6,810 340 6,470 —0.956 —0.145 —6.10 
PCA-2 No. 5 2.698 2.52 0.0976 14.3 0.292 1.42 3.40 9.52 6,360 650 5,710 —0.890 —0.079 —2.78 
PAA-1 No. 19 1.506 1,422 0.1003 14.5 0.2596 1.67 3.65 1.53 2.180 119 2,299 —0.736 +0.075 +1.66 
PAA-1 No. 18 ; a - 
G-429 aft 1,537 1,457 0.1003 14.5 0.296 1.67 3.65 0.76 —1,107 726 ——1,333 —0.604 +0.207 + 4.58 
PAA-1 No. 18 * s z 
G-429 fore 1.494 1.41 0.1003 14.5 0.296 1.67 ( 1.51 2,140 107 —2,033 —0.665 +0.146 +3.23 
PAA-1 No. 18 ~ = ” - 
Camber fore 1,581 1,499 0.1003 14.5 0.296 1.67 3.65 1.94 —2,940 —175 —3,115 —1.015 —0.204 —4,.51 
Average, —0.$11 


«A moment tending to lower the tail is positive. 
> Average of the last four previous items. 
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shown, together with a determination of rotor moments 
and total tail load in pounds. 

Reference to Fig. 22 will clearly indicate the locations 
of the forces involved in this discussion. 

For a preliminary design in which the fixed-wing 
resultant passes close to the center of gravity, an esti- 
mate of allowable center-of-gravity displacement, loca- 
tion of the center of gravity with respect to the center- 
line of rotation and the horizontal tail area required 
can readily be made, using the two relations 

0.0173 = (Li/h):t (6) 

0.0313 = (Li/m)n (7) 


Where the fixed-wing resultant does not pass close 
to the center of gravity, the value of L, in Equations 
(6) and (7) should be corrected for the fixed-wing mo- 
ment. When the corrections 


tail moment 
tail 


gross weight 


gross weight moment 


for fixed-wing lift are 
introduced, Equations (6) and (7) become 
0.0174 (Lic/hi) t gross weight tail moment (8) 
and 
0.0318 (Lnc/hi)n gross weight tail moment (9) 


Either of the first two methods outlined in the fore- 
going will, it is believed, give satisfactory results for 





shown wherever this is deemed necessary. The measure 
of longitudinal stability is the amount of load required 
on the tail to balance the resultant of the wing and 
rotor moments. The permissible center-of-gravity dis- 
placement is computed using the factors previously set 
forth on safe balance of Autogiros. 

Balance tests were run on a PAA-1 Autogiro to de- 
termine the maximum allowable nose-heavy and tail- 
heavy conditions, and the allowable center-of-gravity 
displacement was found to be 1.81 in. 

The effect of shifting the wing aft 11 in. will now be 
noted. Assume that the wing has no effect in the tail- 
heavy condition. Therefore, being a constant-center- 
of-pressure wing, the aft location of the center of grav- 
ity relative to the pylon will not be changed. However, 
in the nose-heavy condition the allowable center-of- 
gravity location will move aft, as the wing tends to give 
an added pitching moment. 

From our previous discussion it may be noted that the 
allowable nose-heavy-moment factor is 0.0316. Assum- 
ing this factor to remain constant, which is a logical as- 
sumption in view of all the flight tests, the new allow- 
able limit for center-of-gravity location for this condi- 
tion can readily be determined as follows: 





TABLE 11—LONGITUDINAL-STABILITY DATA ON GOTTINGEN-429 WING 
IN. AFT OF 
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preliminary-design investigation. For the final choice 
of rotor, that is, for center-of-gravity location and tail- 
area required for a given center-of-gravity displacement, 
the sum of wing and rotor moments should be ob- 
tained as in the third method of procedure. For the 
extreme tail-heavy condition, the sum of the rotor and 
fixed-wing moments should be such as to require for 
equilibrium a down load of 0.361 lb. per sq. ft. or more 
on the horizontal tail surfaces, while the moments for 
the extreme nose-heavy condition should require a down 


load of 0.811 lb. per sq. ft. or less on the horizontal 
surfaces. 
When the foregoing investigation was first under- 


taken, it was hoped to obtain data from more machines 
than were tested. However, the data from these tests 
seem fairly consistent, and the engineering division of 
the Autogiro Co. of America feels that the relations rec- 
ommended will be a real aid to future designing. 


Effect of Wings on Stability and Balance 


Three combinations of wing location and wing section 
will now be analyzed as to their effect on longitudinal 
stability in flight and balance in descents approaching 
the vertical. Computations are put in tabular form and 


SECTION WITH FRONT SPAR 24 
STATION 1 
2 = 4 37 g E E ES 2 
5, he gt: _ Ss 2 ~— - ak co 
SS aes _ ~ a a a = 4 
-s : : b> OE bth 4 
ae er fe 24 25 ae Ris Fa 5 
( 4 ‘ 
i 0.106 gg 1 LO,80¢ ( r Q g 1.0 
l 90 O.L00 S.1 Oo +7 ) 4 ’ \ HR 
4 0.7 107 6.8 iy 280 1 . 9 
1.42 70 0 } 87 } ) j 138.8 9 
1.46¢ 6.80 0.1 140 13 | 
oo l ( 0.29% 0 0 15 1 { 
Jj Cond 1 
1,221 1.75 0.100 8.97 ».97 7 ) 6,238 141.( 1.2 
1.292 0.90 0.100 8.12 4.82 6,230 »o1%8 14 19.2 
1,299 0.75 0.107 6.87 1 1101 169 41.( 24.6 
1 | ) 0.124 5 8 Q R { 13.1 
1,3 0.171 4.40) 0( 11.0 7 
I ( D I 
Having moved the wing back 11 in., the new wing 


lever-arm is —2 —11 13. The pitching moment due 
78 1014 lb.-in., equiva- 


to the wing then becomes 13 78 


lent to a correction of 1014/1500 +-0.866 in. to L,, or 
(Lic/h): gross weight tail moment 0.0316 
L 0.0316 141 x 22.1 53.19/1500 3.49 in. 
Therefore 
F 0.866 ,.49 in 
L 49 O.87 2.62 in. 
However, Lie was 3.38 in. for the normal PAA-1, su 


that the allowable limit of the center of gravity would 


be moved aft a distance = 3.38 2.62 = 0.76 in. by the 
1l-in. movement of the fixed wing. 
The effect of replacing the original wing in its for- 


ward position by a wing having a Clark-Y section will 
now be noted. 

The center-of-pressure location of a Clark-Y airfoil 
in high angle of attack is 34 per cent, as compared with 


24.2 per cent for the Gottingen 429. Therefore, the 
wing vector in this condition will be 0.098 30 2.94 
in. farther aft than in the same condition with the Got- 


tingen 429. 














TABLE 12—LONGITUDINAL STABILITY DATA ON GOTTINGEN-429 WING SECTION WITH FRONT SPAR 
85 IN. AFT OF STATION 1 
Lift F-19 Mom«e 
Lift Wing Lever-Arm, In Moment Due Carried Rotor Du Total Lever Arm Tail 
Carried by to Wing, by Rotor, Lever- Rotor Moment of Tail Load, 
Q/V Wing, Lb. K-19 F-18 Lb-In. Lb Arm, I Lb-In Lb-li Surface, In. Lb 
Tail-Heavy Condition 
& 02 iv 12.65 ,, 82a L.geo S.1 10,800 +- 6.97 138.8 50.2 
2.0 226 1.3 12.27 2,770 1,399 7.00 9,790 +- 7,020 138.8 50.6 
2.5 218 1.01 11.99 2,615 1,407 3 7,500 + 4,885 138.8 35.2 
0 200 0.7 11.74 2.350 1,425 $00 », TOL + 3,350 138.8 24.1 
4.0) 159 0.0 10.97 1,744 1,466 2.13 3125 1.381 138.8 10.0 
6.0 Rg 0.98 g Gg S81 l 0.947 1,49 6093 138.8 4.4 
Nose-Heavy Condition 
1.5 79 14.69 1.090 1,221 7 7,300 ,210 141.0 22.7 
0 208 \ —14.36 —2,985 1,292 $1.82 6,230 +-3,245 141.0 23.0 
2.9 01 14 14.12 2,835 1,299 a 4,100 + 1,265 141.0 9 
20 185 2.9] 13.89 2.565 1,31: 1.82 2,390 17 141.0 1.2 
1.0 147 2.16 13.16 1,932 1,353 1.0; 68 000 141.0 14.2 
6.0 83 1 12.22 1,014 1,417 1.21 1,715 2,719 141.0 19.3 
Therefore, the new wing lever-arm is —2 —2.94 The third combination, showing a still greater im- 
4.94 in. Pitching moment 4.94 x 78 = 385 l|lb.-in., 
equivalent to a correction to L,. of 385/1500 = +0.26 
in. Therefore 
Baa 0.26 = 3.49 in. 
L 3.49 0.26 = 3.23 in. 
Therefore the limit of center of gravity should be moved 
aft 3.38 —3.23 = 0.15 in. Therefore the reduction in 
allowable center-of-gravity displacement required for 


the Clark-Y section is less than for the 11-in. change in 
location of the Gottingen 429 wing. 

From a study of the last column of Table 11 it may be 
noticed that in the high-speed condition a large amount 
of up-stabilizer is required to maintain the Autogiro on 
an even keel. Then, comparing with Table 12, it may be 
noted that a smaller amount of up-stabilizer is required 
and a little more down-stabilizer. However, the range 
required of the stabilizer has been reduced to (50.6 + 
19.3) /(74 + 12.9) = 69.9/86.9 = 80.5 per cent of that 
in Table 11. 

A further comparison with Table 13 shows the re- 
quired amount of stabilizer movement to be (44.7 + 
14.7) /86.9 = 59.4/86.9 = 68.5 per cent of that in Table 
11 and 50.4/69.9 = 85 per cent of that in Table 12. 

Considering these three combinations with particular 
reference to balance in descent conditions, it may be 
noted that the first combination is the best, as it allows 
the greatest displacement of the center of the gravity. 
The second combination, although it gives an improve- 
ment in longitudinal stability, as shown by the less up- 
stabilizer required, curtails the allowable center-of- 
gravity movement by 0.76 in., or a reduction of 0.76/1.81 

42 per cent. 


TABLE 13 


STABILITY 





DATA ON CLARK-Y WING 


provement in longitudinal stability, curtails the allow- 
able center-of-gravity movement by only 0.15 in., or a 
reduction of 0.15/1.81 = 8.3 per cent. Therefore, this 
last combination is by all means preferable. 

Flight tests were then run on another Autogiro with 
the wing in forward position, ailerons drooped and in- 
cidence decreased so that the wing would have the same 
effect upon the rotor that it has on the normal PAA-1. 
The standard model was flown first and proved to be un- 
stable, in that at a cruising speed of 85 m.p.h. it 
“hunted” rather badly. The modified Autogiro was 
flown with satisfactory results as to stability character- 
istics. At the same cruising speed it showed a consid- 
erable improvement in stability over the standard model. 
The two ships were tested extensively and demonstrated 
the improvement of stability when a cambered wing 
having a large center-of-pressure travel replaced the 
symmetrical section. A further flight test of balance 
conditions showed a large improvement in allowable 


center-of-gravity displacement over the symmetrical 
section. ‘ ‘ 
Conclusions 


The data given in this paper indicate some of the tre- 
mendous amount of detail development that has been 
devoted to the aerodynamic and structural relationships 
of the modern Autogiro. Many additional researches are 
being carried on: One of the licensees is demonstrating 
corrective measures toward higher efficiency by washing 
in the outer portions of the fixed wings with low aspect 
ratio; the N.A.C.A. is preparing for flight-check tests 
on its Autogiro, in which the fixed wings are fitted with 
manometer tubes to study the distribution of pressure; 
and other studies have to do with the longitudinal and 
lateral lift and thrust vectors of the rotor. 








SECTION WITH 25 PER CENT OF CHORD 24 IN. AFT 
OF STATION 1 
Fixed-Wing Center-of- 
Incidence Fixed-Wing Pressure Lever Arm 
Corrected Incidence Location, Wing Wing Wing Rotor Total of Tail Tail 
: from Zero Corrected, Per Cent L/D X Lift, Lever- Moment, Moment, Moment, Surface, Load 
J Lift, Deg. Deg.* of Chord 1.258 Lb. Arm, In Lb-In Lb-In Lb-In. In. Lb. 
Tail-Heavy Condition 
1.5 1.80 .70 75 10.0 302 19.06 5.760 10,800 +5,040 138.8 36.3 
20) 9.35 1: 67 12.1 226 15.88 3.58 9,790 + 6,205 138.8 44.7 
25 "60 1.90 52 17.7 218 10.07 2,198 7500 55302 138.8 38.3 
30 1.90 —0.60 44 21.4 201 =—— 3.30 —1,467 5,700 + 4,233 138.8 30.5 
4.0 05 1.55 39 23.2 Loo — 4.51 717 3,125 + 2,408 138.8 ee 
6.0 1.95 4.45 34 20.9 so 2.10 187 1,490 +1,303 138.8 9.4 
Nose-Heavy Condition 
1.5 1.80 :.70 75 10.0 279 21.24 5,930 7.300 +1,370 141.0 9.7 
20) 235 3.15 67 12.1 208 18.06 3760 6,230 +2747 141.0 17.5 
9'5 3°60 —1.90 52 17.7 201 -12.25 2,460 $,100 +1640 141.0 11.63 
30 196 0.60 44 21.4 185 - 9.48 753 2,390 637 141.0 4.5 
4.0 7.05 1.55 39 23.2 147 6.69 982 . 68 1.050 141.0 wee 
6.0 9.95 4.45 34 20.9 83 4.28 355 1,715 —2,070 141.0 14.7 
* Zero lift of Clark-Y section at 5.5 deg. lower than Géttingen 429 section 








The Relationship between Automobile 


By Maxwell N. Halsey: 


§ poranity between the factors of automobile and 
highway design that are far advanced and the 
factors that lag far behind constitutes the cause of 
many of our transportation difficulties, according to 
the author. The paper therefore aims to show the 
demand for safety and its economic advantage to the 
automotive industry and to indicate some of t 
ciples necessary for its accomplishment. 
After stating that the automobile manufacturers 
should take a far-sighted view of the situation, take 
positive steps toward safety and cash in on the de- 
mand that is growing and that cannot be stopped by 
denying its existence, the author considers and com- 
ments upon some of the characteristics of automobiles 
that undoubtedly are partly responsible for accident 
potentialities. Visibility from the driver’s seat is con 


he prin- 


ROGRESS in any field of endeavor can be made 

only if time, energy and money are concentrated 

on those items that lag farthest behind and need 
the most attention. At present, some factors of auto- 
mobile and highway design are far ahead; others, far 
behind. This disparity causes many of our transporta- 
tion difficulties. For instance, the present speed capa- 
bility of cars is far in excess of the ability of roadways 
to accommodate it or of present-day drivers to handle 
it with safety. In addition, the potential speed of cars 
today is far ahead of their inherent safety, when the 
limitations of human nature and human ability are con- 
sidered. A detailed recital of accident statistics is un- 
necessary to show the unbalanced condition existing in 
automobile transportation. The mere facts that more 
than 35,000 persons were killed and 1,000,000 injured 
in 1931 and that $900,000,000 worth of damage was done, 
due to accidents, constitute a sufficient index to show 
where concentration on improvement is needed. If this 
paper can show the demand for safety and its economic 
advantage to the automotive industry and can indicate 
some of the principles necessary for its accomplishment, 
it will have served its purpose. 

Some improvements foster new hazards. While the 
manufacturer has not recognized safety demands gen- 
erally, he has acknowledged certain specfic ones and has 
made improvements to meet them. Unfortunately, 
while some of these improvements reduced one particu- 
lar hazard, they fostered changes in driving character- 
istics—such as higher speeds—and thus brought about 
new and different hazards. Better brakes, improved 
head-lamps, a lower center of gravity and the higher 
comfortable economic speeds of even the lower-priced 
cars have provided more of a temptation than human 
nature can withstand, and driving speeds have increased. 
This increase in the average speed has thrown an ad- 
ditional burden upon the manufacturer and has tended 
to magnify greatly the importance of safety construc- 
tion. Hence, for every improvement that permits 
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sidered in detail, together with devices that assist 
visibility. The other driver’s viewpoint also is con- 
sidered. 

Aids to steering safety are outlined, braking-system 
improvements are indicated and means for avoidance 
of distracting drivers’ attention from their duties are 
enumerated. Air pollution inside the car is discussed 
and means for minimizing it are suggested. Fire 
hazard factors are considered, as well as the subject 
of reducing damage caused by accidents. 

In the discussion, means for simplifying the control 
of an automobile are advocated, the suggestion is made 
that need may arise to install on cars larger and more 
adequate brakes than those now in use, the importance 
of good visibility is emphasized and steering mech- 
anisms are criticized. 


greater mobility, the manufacturer must increase still 
further the safety devices of the motor-vehicle. In fact, 
the improvement of safety devices must be greater than 
the increase in speed or the former will not offset the 
latter. As speed increases, additional braking distance 
for each mile per hour is necessary because the demo- 
lition or impact factor increases at a greater rate than 
does the speed, and because the reaction time, and prob- 
ably the general ability of the individual motorist, re- 
mains about the same. 


Safety Activities Aid Business 


Many safety activities exist in which the industry 
should join because they are a business aid to it. Motor- 
vehicle inspection campaigns and laws furnish a good 
example of this. Initially, the industry may have felt 
that the annoyance of these inspections would reduce 
sales. It may have overlooked their effect on one of its 
greatest problems, that of used cars. Rigid inspection 
several times a year, as is now being done in several 
States, should remove thousands of unsafe used cars 
from the highway and thus make room for more replace- 
ments. Since but 28 per cent of the expenditure is for 
new cars and 72 per cent or $8,574,000,000 for repairs, 
parts, supplies, labor and accessories, the dealer should 
be vitally interested. Such safety movements mean a 
definite financial gain to the manufacturers and to the 
dealers. A reduction in accidents and congestion can- 
not help but make the automobile more attractive as a 
personal unit of transportation and will prevent its 
potential users from adopting other forms of transpor- 
tation. Therefore the automobile manufacturers should 
take a far-sighted view of the situation, take positive 
steps toward safety and cash in on the demand that is 
growing and that cannot be stopped by denying its ex- 
istence. 

Under present accident-reporting systems by cities 
and States, getting accurate and complete records of 
automobile accidents and their specific causes is exceed- 
ingly difficult for several reasons. For instance, laws 
requiring reporting are different, jurisdictions overlap, 
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reports are received from State and city officials and 
motorists and, frequently, the record systems do not in- 
clude sufficient detail. An accident often has more than 
one cause, and to allocate the correct percentage to each 
contributing factor is difficult. Hence, determining ex- 
actly what percentage of accidents is caused by equip- 
ment that is defective either in design or because of poor 
maintenance is impossible at present. 

Of the 46,047 accidents reported in Pennsylvania for 
November, 1931, 8 per cent apparently were caused by 
some mechanical failure. These are classified as fol- 
lows, in percentage: Defective brakes, 31; steering 
gears, 16; tire punctures, 14; glaring head-lamps, 11; 
smooth tires and no chains, 10; no tail-light burning, 9; 
and no head-lamp shown on the vehicle, 9. They totaled 
368 and resulted in the death of 12 persons, the injury 
of 327 and the demolition of property valued at $52,700. 
Hence the National total for a year must be consid- 
erable. 

While building up National figures on the basis of one 
State is not entirely feasible, still the results will show 
a situation that is just as likely to be right as wrong. 
Extended to include the entire Country, on the fore- 
going basis 95,000 accidents would be due to mechanical 
defects, which would kill over 3000 people, injure 85,500, 
and cause over $13,000,000 worth of damage. This is 
an obvious reason why automobile insurance rates are 
high and will be higher. These sample figures show 
the potential picture. 


Making the Vehicle Safe 


Let us now consider some of the characteristics of 
automobiles that undoubtedly are partly responsible for 
the foregoing accident potentialities and indicate some 
of the possible methods of improvement. 

At the present rate of accidents involving injuries, 
the manufacturer should expect that each car he sells 
will eventually be involved in one or more accidents. 
Since the human element is admitted to be the greatest 
factor in automobile accidents, he should improve those 
things that reinforce the abilities of drivers and over- 
come their deficiencies. As motor-vehicle inspections, 
improved by the use of permanent inspection stations 
and more frequent inspections, have frequently shown 
that as many as 50 per cent of the brakes and 66 per 
cent of the head-lamps were out of adjustment, the 
manufacturer should endeavor to make his vehicles as 
easy to maintain and as automatic in adjustment as 
possible. 


Visibility from the Driver’s Seat 


The exact position of the driver’s eyes in the car must 
be used as a basis for determining his ability to see. 
That the driver can look around obstructions after mov- 
ing his head is not sufficient, for, although he can move 
his head, one may be very sure that he will not. He 
will drive right on until some object comes into his 
existing field of vision. 

The tendency to have motorists sit lower in the car 
frequently means that the level of the driver’s eyes is 
almost as low as that of the cowl. The result is that he 
cannot see the fender or any low object within 10 ft. of 
the car. This condition probably can be improved by 
lowering the cowl and lowering the steering-wheel so 
that the driver can see over it or reducing the size of 
the wheel rim and the number and size of the spokes. 
Another horizontal obstruction, particularly for tall 
drivers, is the sun visor. This difficulty has been less- 
ened recently by moving the visor inside the car and 
making it adjustable. 

The pillars supporting the windshield form a vertical 
obstruction that can be minimized considerably. A de- 
crease of 1 in. in pillar width, when the pillar is close 


to the driver’s eye, will decrease in width by several 
feet the blind spot 50 ft. ahead. Top supports are al- 
most in the same category, although visibility behind the 
front seats is not needed so frequently as in front, and 
probably more structural difficulties are involved. This 
condition can be improved definitely by adding more 
footage of glass back of the driver’s seat. 

Clear windshields are necessary. The method of 
mounting probably is responsible for the many cracked 
windshields, which soon collect dirt. Windshield wipers 
have been improved. When two are used, fair visibility 
results in bad weather; however, a possibility of devis- 
ing a simple mechanism that will clean a greater area 
still remains. Snow, sleet and ice removers, the effec- 
tiveness of which can be counted upon, have yet to be 
devised. The quantity of heat needed to do the work 
in spite of the difference of temperature inside and out, 
and its effective application, make the problem very 
difficult. 

One of the most serious interferences with vision is 
the refraction of light from outside sources through the 
windshield, side and rear glasses. This has been suc- 
cessfully dealt with in front by slanting the windshield. 
The side and rear windows eventually will need to re- 
ceive the same treatment. The dash lights still offer 
some light interference even in the best-designd instru- 
ment-boards. It is suggested that the use of “position- 
reading” instruments with only the arrow and numbers 
illuminated may be of some assistance in reducing glare. 
That many of the instruments can remain dark until the 
pointer indicates that a danger point has been reached 
is also not beyond the realm of possibility. Thus, even- 
tually, such instruments as the engine-heat indicator, 
the ammeter and the gasoline and oil gages may be made 
to light up automatically when the pointer reaches the 
indication at which the driver’s attention is needed. But 
the speedometer should be constantly and adequately 


illuminated at night so that it can be read quickly and 
easily. 


Assistants to Visibility 


Head-lamps that provide adequate side lighting and 
a long beam that does not glare are of great importance 
at night. The side lighting has been effectively im- 
proved in some cars, but the “distance throw” without 
glare has not been produced. Some light beams have a 
sharp “cut-off,” but even these are subject to glare be- 
cause of bumps in the road or because of poor adjust- 
ment. The assembly should be made such that the head- 
lamps cannot get out of adjustment to the extent of 
throwing the beam above the horizontal. Another pos- 
sibility is that the head-lamp units can be mounted in 
such a way as to compensate automatically for bumps 
in the road or heavy loads in the back seat. The vertical 
location of the lamps may come in for some intensive 
study, because the heads of drivers, on account of low 
seating, are closer to the surface of the road. It is 
doubtful that drivers will add to their driving habits 
that of dimming their head-lamps for each approaching 
vehicle. Driving a car for long distances requires a 
sufficient number of manipulations as it is, and ap- 
proaching cars are too frequent. In very low-hung 
cars, in which the driver has difficulty in seeing the 
fenders, indicators have been developed to show him 
just where the outside of his car is. These sometimes 
serve a second function of indicating the outline of his 
car to approaching motorists. 

Rear-vision mirrors still leave blind spots behind the 
car. Located at the center, the mirror is adequate for 
a straight view behind, if it is in line horizontally with 
the rear window and if none of the passengers obstructs 
the view. Even then, however, it will not indicate the 
overtaking vehicle that is about to pass on one side or 
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the other. The fender or door-hinge mirror is of some 
assistance for this purpose, but, with the increased 
width of rear seats and rear ends, even it is becoming 
ineffective. Possibly a compound mirror will be devel- 
oped for closed cars. Craning of the driver’s neck is 
exceedingly unpopular; in fact, it is seldom done and 
he goes blindly ahead and not infrequently becomes 
involved in an accident. 


The Other Driver’s Viewpoint Considered 


Let us now consider visibility from outside the ve- 


hicle: 


Head-lamps.—The head-lamp must serve several func- 
tions in addition to illuminating the road. It 
should indicate the outline of the car for the ben- 
efit of approaching motorists. Its present tendency 
to glare and its location prevent it from doing this 
at present. It also should provide side illumina- 
tion so that the vehicle can be seen by cars ap- 
proaching from the side. Here again it fails at 
present. 


Side Lights.—Fender lights serve to outline the car 
and provide side illumination, but the same result 
might be obtained by a redesign or relocation of 
the head-lamps and tail-lamp. 


Rear Lights.—The rear light has been assigned nu- 
merous jobs, chief among which is to inform mo- 
torists approaching from the rear of the car’s 
presence. Greater illumination is needed than now 
exists, because motorists do not clean the lenses 
frequently enough. Side and license-plate illumi- 
nation also needs improvement. 


Reflecting Lamps.—A type of reflecting glass has been 
developed which is now being used to replace the 
tail-lamp and cowl-lamp lenses in many ears. 
When the lamp is lighted, adequate light is thrown 
out. When the filament burns out, the glass pro- 
vides adequate illumination by reflecting the light 
from approaching head-lamps up to a distance of 
100 to 200 ft. This glass affords automatic pro- 
tection in case of tail-lamp failures and is now 
required on all cars registered in Colorado. Sev- 
eral other States require it on the rear of trucks 
and motorcoaches. This is the sort of automatic 
protection with which the industry should provide 
the motorist. That he will be too lazy or forgetful 
to check his lamps frequently enough should be 
assumed. 


Telltales—Since the motorist neglects to check his 
lamps, providing him with telltales so that he will 
at least know, without having to get out of his car, 
which lamps are burning and which are out might 
be advisable. Some head-lamps have been provided 
with pencils of glass or apertures to show when 
they are burning. At one time on some cars the 
tail and dash-lamps were in series to show whether 
they were both in working order. I have resorted 
to a 21-cp. stop-light so that, by watching the 
needle in the ammeter, I can tell whether the stop 
light is in working order. 


Parking Lights——One reason that motorists hesitate 
to leave a lamp lighted on their parked car is 
because on many cars the wiring is such that, to 
keep the tail-lamp illuminated, two cowl lights and 
two dash lights must be lighted. These five lights 
represent a considerable drain on the battery. 
Either the wiring should be changed or an addi 
tional switch or lamp provided. 


Headlighting versus Highway Lighting.—There has 
been considerable agitation recently regarding 
highway lighting; but obviously its cost will re- 
strict it to the metropolitan areas and the more 
important trunk lines. Elsewhere it probably will 
prove more economical to light the highway only 
when cars are actually using it. Thus it is evi- 
dent that there is a definite demand for improved 


Vol. 30, No. 6 


head-lamps with more light on the road, better 
side lighting, and a considerable reduction of 
glare. 

Aids to Steering Safety 


The driver’s compartment should be designed so as 
to assist him in his steering operations and not to in- 
terefere with them. If it is assumed that maximum 
steering efficiency can be obtained if the driver is di- 
rectly behind the steering-wheel, then that position 
should be made comfortable for him. The widening of 
the front seat to admit three persons has tended to force 
the driver to the left of the steering-wheel if he is to 
have an arm rest and desires to lean against the side. 
Making the side of the compartment adjustable, as well 
as the back of the seat, might be possible. Many drivers 
have had trouble because of insufficient clearance around 
the outside of the wheel from the windshield, cowl, door, 
gearshift lever and the individual himself; at high 
speeds, the hazard of having the driver’s hand or elbow 
jammed, even momentarily, is obvious. 

Other serious interferences with steering are projec- 
tions that catch the driver’s sleeve when he is about to 
make a turn. There appears to be no logical or eco- 
nomical reason why the window and door handles cannot 
be designed and located so as to make this impossible, 
without interfering in the least with opening and shut- 
ting the door or window. Light, gas and spark levers 
mounted on the steering-post are also sources of inter- 
ference. The light levers are probably the worst of- 
fenders because, at night, they are not only likely to 
catch the sleeve and interfere with steering, but at that 
crucial moment they may also turn out the lights. Fur- 
ther, they provide a dangerous place into which one of 
the driver’s thumbs or fingers can become wedged. Why 
not use countersunk levers or switches? 


Braking-System Improvements 


The location of brake levers is a problem that still 
needs attention. The brake pedal needs a guard so 
that the driver’s foot will not slip off of it in an emer- 
gency. As in most cases the pedal is located near the 
steering-post, this might be used as a foot-guide to the 
pedal. As the steering-post tends to slant more and 
more toward the driver, the brake and the clutch pedals 
might be made to slide down it in grooves, thus provid- 
ing a straight-line push, if this should prove advan- 
tageous and the necessary linkage would not offset the 
advantage. 

The relationship between the location of the brake 
pedal and that of the accelerator might be given further 
study to prevent accidents caused by the driver’s foot 
slipping from the brake to the accelerator pedal. A 
raised edge on the brake-pedal—collapsible if necessary 

‘might be of some assistance. The location of the 
hand brake has always caused difficulty. First, the 
driver has to reach too far and too low to get a quick 
grip on it; second, when it is part way back it is in an 
awkward position to pull on and the driver’s hand tends 
to slip off of it. If three persons are in the front seat, 
to take hold of present emergency-brake levers is hard, 
if not impossible. If the emergency brake is to be used 
only in case of the failure of the conventional foot-brake 
system, why not provide an additional emergency-brake 
pedal that could be reached much mere easily? If 
necessary, it could be operated by the left foot, would 
automatically throw out the clutch and could be made 
to lock down for a parking brake. It could be located so 
that it would not be in the way nor be confused with 
the clutch pedal. Another alternative would be a hand 
brake more nearly shoulder high, where it could be 
reached when three are in the front and permit a much 
stronger pull. I am aware of the difficulties involved in 
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the use of cables or multiple levers, yet much can be 
done to improve the location of the various pedals and 
levers. 


Avoidance of Distracting the Driver 


The more simple the operation of a car is, the less 
attention the driver needs to give to it and the more he 
can give to watching the road. Free-wheeling undoubt- 
edly has reduced the energy and the number of move- 
ments necessary to shift gears, and the more these can 
be reduced the safer the operation will be. Apparently, 
the aim is to limit them to a simple motion, which is de- 
sirable. For the same reason increasing the braking 
power on free-wheel cars so that the same stopping dis- 
tance can be had as before free-wheeling was installed 
is necessary; otherwise, the driver is forced to go 
through the motions of changing into conventional gear 
to be able to stop as quickly as he formerly could. 

Higher speeds have necessitated improvements so 
that instruments can be read more quickly. If difficult 
to read, the driver will not attempt to read them or 
will be so slow in doing so that he may be involved in an 
accident before he can again watch the road. On some 
cars, many drivers take nearly 3 sec. to read the speed- 
ometer; in some cases it is hidden by the steering-wheel 
or is over in the center and low down on the instrument- 
board. At 60 m.p.h. a car travels 264 ft. in 3 sec. Ac- 
curacy of the speedometer is particularly important with 
modern cars, because the engines are so quiet and the 
roads so smooth that a driver has difficulty in estimating 
whether a car is traveling 30, 40 or 50 m.p.h. 

Design and location are the two factors that mainly 
affect the reading of instruments. The design of in- 
struments is important and should be such as to pro- 
vide the quickest and most accurate reading possible. 
The “position-reading” arrow or needle type has a dis- 
tinct advantage. Reading numbers is difficult, particu- 
larly when they are moving or being shaken by the 
action of the car; but with the position-reading type that 
is not necessary, because the driver soon learns their 
location and simply notices the relative position or angle 
of the pointer. On almost all instrument dials the num- 
ber of numbers might well be lessened. Few drivers are 
interested in knowing whether the car is traveling 20 
or 22 m.p.h. and 5-mile or 10-mile dial markings would 
be sufficient and would simplify the reading. Some 
study might profitably be made to determine the colors 
and contrasts to be used for the numbers, the pointer 
and the background, particularly considering lighting 
and night operation. That black and white give the 
greatest contrast seems reasonable, and the pointer and 
the numbers should receive the illumination, not the 
background, since an illuminated background tends to 
interfere with the driver’s operation. 

As to location, the nearer the instrument is to the 
driver, the closer it is in line with his line of vision to 
the highway and the more quickly he can read it. Hence 
all instruments that need to be read or moved while the 
car is in motion should be located as nearly as possible 
directly in front of the driver and as high as possible 
without interfering with his vision. His sight is then 
diverted from the roadway only for the minimum time. 
The speedometer should be centered vertically with the 
steering-post, and it might possibly be placed above in- 
stead of below the windshield if that would bring it 
closer, horizontally, to the driver’s eyes. Since drivers 
presumably will continue to wear hats, some space still 
remains between the top of the windshield and the top 
of the car. This space, which is closer, horizontally, to 
the driver’s eyes than the instrument-board, could be 
used advantageously for instruments. 

Some instruments are of greater importance as re- 
gards safety than others. At high speeds the speedom- 


eter is of greatest importance; yet it has not received 
preferential treatment. In some cars the two largest 
instruments are the clock and the speedometer, both lo- 
cated equidistant from the center of the car; in others, 
the clock is nearest the driver, though, in still others, the 
speedometer is given the better location. To locate the 
speedometer nearest the driver seems more simple, eco- 
nomical and safe. The appearance of the instrument 
panel has influenced the past design and location of in- 
struments; but, with the number of instruments increas- 
ing, locating the vital instruments in front of the driver 
and installing the new and less important ones at the 
right would be advantageous. 

An instrument may have only a single point of in- 
terest to the driver, who is not so much interested in the 
degree to which the condition is right or wrong; all he 
wants to know is whether the generator is charging, 
the oil pressure is adequate and the engine is too hot. 
To have the “wrong” condition indicated automatically 
by a red light seems reasonable. This would reduce by 
50 per cent the number of instruments to be read and 
would be a surer method of indicating to the driver that 
something was wrong. If this were done, the speedom- 
eter might be the only instrument continuously illu- 
minated at night, since a separate switch easily could 
be provided for the gasoline gage and the clock. Adopt- 
ing some standard for instruments so that their po- 
sitions, and colors, if any, would have standard mean- 
ings seems advisable. This would be particularly true 
of speedometers, which might be designed so that the 
bottom of the dial reads 0 and 100, the top 50, the left 
25, and the right 75 m.p.h. 


Air Pollution Inside the Car 


Fresh air of suitable temperature and degree of hu- 
midity must be provided for the occupants of cars. Pol- 
luted air makes driving unpleasant and tends to dull 
one’s senses. The more nearly air-tight the body is, 
the more satisfactorily the problem can be dealt with. 
Leaks into the car are usually through the front floor- 
boards or the cracks surrounding the doors. Improve- 
ment in construction of the part of the body nearest the 
engine is most important because it is here that the 
gases from the engine, as well as those sucked up from 
other cars, are blown in to the passengers. Opening the 
windshield not only causes considerable draft but small 
stones, bugs and bees may blow in and are likely to in- 
terfere with driving, particularly with the use of the 
eyes. 

The development of ventilation is still not far ad- 
vanced. In cold weather, that all the ventilation must 
be through the windows should not necessarily be as- 
sumed. If air is taken in from the front, it causes strong 
drafts. The experiments of the Pullman Co. led to the 
conclusion that the air should be sucked out of a rail- 
road-car body and be permitted to leak in through the 
numerous small gaps, leaving the windows almost en- 
tirely out of consideration. Why would it not be feas- 
ible to adopt this practice? The heating of a car has 
been considerably improved, yet many of the systems 
bring engine fumes and odors into the car, a good part 
probably being due to leaks in the flexible tubing. 

The real source of obnoxious gas and odors probably 
is an unsuitable fuel mixture fed to the engine by the 
carbureter. This is caused by faulty carbureter ad- 
justment and is particularly true of motorcoaches, which 
usually exhaust such odorous fumes that motorists hate 
to drive behind them and frequently take considerable 
risk to pass them. Some time ago progress was re- 
ported on a device that would adjust the carbureter ac- 
cording to the condition of the exhaust gas. If the 
problem were attacked from this end, fuel economy and 
fresh air might be achieved at the. same time. 
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Leaky mufflers are another source of air pollution. 
If the use of the “straight-through” type increases, this 
difficulty probably will be greatly lessened. A further 
improvement might be to move the muffler toward the 
rear of the car, or to provide a draft or ventilation 
toward the rear for it. Using the blast from the ex- 
haust to suck the air out of the car body might be pos- 
sible, unless such a process would tend to develop back 
pressure. Some combination with the fan and the draft 
through the radiator might also be utilized. 


Driving Comfort an Important Factor 


Comfort has a part in preventing accidents, its most 
important influence being the lessening of bodily and 
mental fatigue. Longer trips than formerly are now 
taken customarily by motorists and, undoubtedly, many 
accidents are caused by fatigue and a consequent length- 
ening of drivers’ reaction time. Many cars do not pro- 
vide sufficient room for the driver to change his driving 
position. This inability to stretch his muscles gives 
him a feeling of being cramped and tends to make him 
nervous. The adjustable front seat has improved the 
situation somewhat; but not altogether, because, for 
each driver, the front seat has one position that places 
him in the best position to reach the steering-wheel and 
control levers. If in this position he does not have suf- 
ficient room to stretch his legs, he is not comfortable. 
Window sills seem to tend to become higher, particu- 
larly in relation to the driver’s seat, which increases the 
difficulty for him to rest his left arm. This indicates a 
demand for an arm rest. 

Front seats are being made wider to accommodate 
three persons. With the steering-wheel located at the 
center of the left half of the front compartment, the 
driver does not sit directly behind the wheel. Even 
with only two in the seat, he is tempted to sit close to 
the left side to find an arm rest. Thus he is more 
nearly behind the left windshield pillar and his driving 
ability is lessened. Therefore locating the steering- 
wheel directly in front of where the driver will sit if 
there are three in the front seat, and making the wind- 
shield just as wide as the front seat seems advisable. 
The angle of the steering-wheel to the driver might also 
be advantageously studied from the viewpoints of safety 
and comfort. 

In many cases the pedals are not placed at the correct 
angle and the driver’s foot soon becomes cramped. In 
some cars the accelerator is too far to the right, par- 
ticularly when three are in the front seat. The whole 
instrument assembly can be vastly improved from the 
viewpoint of comfort to the operator. Low brake 
pedals, made more possible by power brakes, will be an 
improvement and will reduce the time needed to apply 
the brakes. With the advent of free-wheeling and 
power brakes, complete revision of the location of the 
clutch, brake and accelerator levers is likely. Before 
this comes, a comprehensive study should be made and 
a standard location determined. 


Fire-Hazard Factors 


Although the fire hazard of the automobile has been 
greatly reduced, many fires still occur in which motor- 
ists are burned to death. Safe design and location of 
the gasoline tank undoubtedly are important. The de- 
sirability of its location in front is rather doubtful, be- 
cause of its proximity to the carbureter and its pipe 
lines and to the ignition. Its location in the extreme 
rear may have some drawbacks because of rear-end 
collisions and the danger of its being punctured by sharp 
objects that may cause explosions due to sparks. If 
possible, it should be located in such a position as to be 
protected by the body and the frame. 


Pipe lines probably constitute the greatest fire hazard. 
They are more subject to breakage than is the gasoline 
tank, and some of them are closer to the hot parts of 
the engine and to the ignition system. To give them 
the physical protection of the frame and the engine 
wherever possible, instead of merely running them un- 
supported across large air gaps, seems advisable. Special 
precautions must be taken when lines are carried from 
one part of the car to another part that may bend 
slightly under road shock. The entire layout should 
be based upon the assumption that at some time during 
the car’s life it will be involved in a serious crash. 

Ignition systems have been improved greatly and 
short-circuits are far less frequent than formerly; how- 
ever, much remains that can be done to design them so 
that failures will not result in sparks and fires or ex- 
plosions. The wiring layout should avoid as much as 
possible the gasoline tank, the pipe lines, the carbureter 
and any surface where gasoline leakage or a crash might 
provide the combination necessary for an explosion or 
fire. 

Reducing Damage Caused by Collision 


The latest figures indicate that, in all accidents in- 
volving personal injury, 45 per cent of the casualties 
were caused by broken glass. The greater part of this 
injury can be reduced by using non-shatterable glass, a 
type that has been made available throughout in some 
of the higher-priced cars, is stock equipment in the 
windshields of others and can be provided in most cars 
at an extra charge. Recently one manufacturer has pro- 
vided this feature in all windows of his cars in his four 
price classes. The Michigan law will require it in all 
public conveyances in 1933 and in all vehicles by 1934. 
Since the trend and the law will require it, the problem 
resolves itself into developing a product that will not 
discolor and will resist breaking. 

The body should be strong enough to afford the pas- 
sengers some degree of protection; it should not serve 
merely as a unit to hold the top up and the windows in 
place. Its greatest weaknesses lie in the doors and the 
top. The doors probably could be designed so that, in 
case of collision, they could draw from the vertical and 
top members for support. The top is probably the most 
vulnerable part of the body. In many cases it simply 
will not stand up under the strain of having the car 
turned over. Although the vertical supports may be of 
sufficient strength, the joints are not of equal strength, 
particularly when subjected to a twisting action. The 
whole body should be of equal comparative strength, 
and any one part should receive support from every 
other part. 

The deceleration of the modern car is greater than 
will permit the passengers to keep their seats in an 
emergency, and the impact of an accident is sufficient to 
throw them with considerable force. Therefore the in- 
side of the body should be as free from sharp projections 
as possible. The instrument-panel and cowl layout can 
ke made less irregular. Hard-rubber steering-wheels 
probably would prevent the rim from breaking and punc- 
turing the driver. The top bows might be located so 
that passengers will not hit them when thrown up by 
bumps or collisions. Provision should be made to pre- 
vent the hood hinge-rod from being pushed back to the 
front seat and through some passenger. In airplane 
design rather common practice is to build in “crash- 
pads,” although the accidents per unit of operation are 
supposed to be less than those for motor-vehicles. 

The safety catch on doors has without doubt reduced 
the number of injuries caused by doors opening and 
letting passengers fall out, although cases still occur 
when the body of the car is twisted or is struck sud- 
denly. The design of some doors is such that, in case 
of an accident in which the body is struck, they cannot 
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be opened and the passengers are kept inside to drown 
or burn. 

Property damage could be reduced considerably by 
providing side bumpers or designing the running-boards 
to serve as bumpers. 


Conclusions 


The number and severity of accidents still increase, 
owing largely to driving speeds that are higher than 
can be handled safely on existing roadways by present 
drivers. This condition undoubtedly will continue until 
the advance of the various factors involved has been ad- 
justed and until organization, personnel and public at- 
titude have been developed sufficiently to offset it. 
Safety is very much in the public mind today. Motor- 
ists have been informed of the seriousness of the con- 
dition. Thousands of people are actively engaged in 
safety work, so that the theory and practice of safety 
will become even better known. The industry must 
meet this demand for sales purposes. That the build- 
ing of safe automobiles and the active participation of 
the industry in safety campaigns is a business aid and 
that much good-will and profit will result therefrom are 
equally evident. 

In the majority of the safety problems, as they affect 
the construction of the vehicle, the automotive industry 
already knows the answer. In regard to brakes, the 
opinion of a number of automotive engineers who are in 
a position to know what they are talking about is that 
probably not more than three stock cars are manufac- 
tured today which have brakes adequate to make three 
emergency stops from a speed of 60 m.p.h. without hav- 
ing the braking system robbed of its effectiveness; yet 
not a private car is manufactured today that will not do 
60 or 70 m.p.h. and that is not frequently used at that 
speed. Common sense should dictate that, if a car is 
built which can travel 60 m.p.h., brakes should be pro- 
vided that will stop it from 60 m.p.h. in emergencies, not 
only three times but often enough so that frequent 
maintenance, which the motorists will not give to a 
braking system, is not necessary. 


THE DISCUSSION 


P. J. KENT’ :—Simplifying the control of an automo- 
bile is a very distinct trend at present. In driving a 
car we really do only two things; one is to control the 
speed and the other the direction. Therefore, two con- 
trols should be sufficient. The new car models indicate 
that progress is being made in the elimination of some 
of the control operation. 

Direction signals and their application have been dis- 
cussed for years; perhaps, eventually, everybody must 
have a direction signal. If the direction signal is 
mounted on the pillar post so that the driver can see it 
operate, he is likely to use it. To design a head-lamp 
mounting that would prevent adjustment of head-lamp 
beams above the horizontal would not be simple. The 
difference between a properly adjusted and a badly ad- 
justed head-lamp is only a degree or two, and the di- 
mensions of fenders, tie-rods and head-lamp mounting 
brackets vary considerably, so that control of head-lamp 
adjustment is not so easy. The only way it could be 
done successfully from a production viewpoint would be 
to have two adjustments; one whereby the head-lamp 
would be adjusted and locked at the factory so that the 
beam could not be adjusted above the horizontal, the 
other being one that would be left free for adjustment 
from the horizontal position downward. Even then, 
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variations in filaments, socket location and things of 
that kind will change the adjustment. Thinking of the 
headlighting problem from the viewpoint of glare alone 
is not sufficient. It must be considered also from the 
viewpoint of illumination because having the beams 
pointed down so far that the driver cannot see a suf- 
ficient distance ahead is just as unsafe as to have them 
pointed up. 

MAXWELL HALSEY:—I have tried out different types 
of direction signal. The main trouble lies with the de- 
sign of certain cars. For example, my car is narrower 
at the front than at the rear; so much so that a direc- 
tion arrow cannot be seen by a driver within about 50 ft. 
behind me because it is hidden by the rear of the body. 
If the arrow projected any farther, it would be out be- 
yond the front fender. Much study is needed before a 
practicable solution is reached. 

Lock-nuts, cotter keys and other devices designed to 
keep car units together are in use, but mechanics some- 
times fail to replace them after repairs are made. Per- 
haps a simpler method may be evolved so that such com- 
plete reliance upon the human element is not necessary. 

T. J. LITLE, JR..:—A number of safety precautions 
can be taken by automobile builders, and road builders 
and municipal authorities also could adopt a number. 
We may need to install larger and more adequate brakes 
than the ones now in use. A large number of mechani- 
cal brakes on the better cars are adequate, but a large 
number on the cheaper cars are inadequate. I think 
that brakedrums of larger diameter and brake bands that 
are wider will be installed on most motor-vehicles in the 
coming year, particularly on free-wheeling cars. We 
would better use brakes that are larger than necessary 
than to use inadequate ones. 

LYLE K. SNELL':—A heavy vehicle can be stopped as 
quickly as a light one if it has satisfactory brakes on 
all four wheels. Good visibility is the most important 
factor in automobiles so far as safety is concerned. I 
think that money is wasted by our municipalities on 
highway lighting; the illumination should be on the 
automobile. 

E. B. NEIL*’:—With the advent of balloon tires the 
entire steering mechanism of the automobile was re- 
vised. Since then, steering-gear reduction ratios have 
been increased, and present ratios of say 20 or 22 to 1 
are not uncommon. Comparing the new vehicles with 
those of 15 years ago, including racing cars, the steer- 
ing-gear reduction ratio has been increased so that less 
control over the vehicle exists today than at that time. 
Has the relationship between reaction time and the time 
required to turn the front wheels one way or the other 
in an emergency been considered? 

Are we not going fundamentally wrong in not think- 
ing more about the steering linkage in connection with 
its speed of action? For instance, perhaps three full 
turns of the steering-wheel may be needed to cramp 
the front wheels from one side to the other with the 
present type of linkage. This is a serious reflection on 
the controllability of the vehicle. I know from racing 
experience that one could not successfully drive the or- 
dinary type of road vehicle on a race track and feel 
entirely safe, because a driver must be able to turn 
the front wheels say 15 or 20 deg. without removing 
his hands from the steering-wheel; that is, by turning 
the wheel say a quarter turn or a half turn. At pres- 
ent, to turn a corner, the driver must give the wheel a 
turn and a half or two turns; whereas, with the old type 
of steering-gear, he could round a corner without re- 
moving his hands from the wheel. Providing much 
greater control over the vehicle is possible when the 
front wheels can be turned rapidly from one side to the 
other, which cannot be done with the present type of 
steering-gear. To decrease the ratio seems advisable, 
using some auxiliary steering mechanism if necessary. 
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The Properties and Selection 


By Thomas H. Wickenden’ 


ETALLURGISTS must supply engineers with 
4 data on the physical properties of steels so that 
the skill of both can be used, particularly for 
machinery in which light weight is essential. The 
engineer who has not a metallurgical department at 
his command cannot be sure of duplicating results 
claimed by steel makers, and the physical-property 
data that have been given in the S.A.E. HANDBOOK 
are based on minimum results, for safety. 

More complete information as to what actually can 
be expected is desirable, and a subcommittee has had 
a large number of tests made on identical samples 


OTH THE ENGINEER and the metallurgist must 
contribute their highest skill in the design and 
manufacture of machinery in which minimum 

weight is essential; in this field the two professions are 

drawn together most closely and must intermingle on a 

common ground for the best results and full apprecia- 

tion of each other’s problems. The engineer must be 
partly metallurgist and the metallurgist must be partly 
engineer to meet the mutual problems. 

Machinery in which weight saving is a minor con- 
sideration may operate successfully if it is crude in 
design; the size of parts can be such that the localized 
stresses produced by undercuts and sharp changes in 
section and keyways in full-size shafts may be disre- 
garded almost with impunity. The properties of the 
materials may vary over a wide range and still the 
machinery will operate with satisfactory life. 

How different is the story when minimum weight is 
essential. Stresses must be analyzed, generous fillets 
must be used and undercuts and threads on highly 
stressed parts must be avoided. Splines on enlarged 
sections of a shaft supersede keyways, and even rough 
finish and scratches must be avoided. The material 
must respond readily to heat-treatment, and deep- 
hardening properties must be considered to assure uni- 
form properties throughout the piece and in every piece. 
Materials capable of resisting high stress and great 
impact and with better wearing properties must be 
introduced. The necessary rigidity of the part must 
me maintained by clever design, as the metallurgist 
has not yet learned the secret of greatly modifying the 
modulus of elasticity of steel. 


Metallurgist Relied upon for Data 


As the basis for this work, the metallurgist must 
supply the engineer with reliable data on steels and 
other materials so that the parts can be designed for 
suitable stresses. Some large firms have a sufficient 
laboratory staff to determine their own information, 
but by far the majority are dependent upon data from 
outside sources, such as that contained in the S.A.E. 
HANDBOOK. Some physical-property curves published 
by steel companies are the results of tests on a single 


1M.S.A.E.—Assistant manager of development and research, 
International Nickel Co., New York City. 
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from several heats of two alloy steels. The results 
for these two steels have been coordinated in proba- 
bility curves that were developed with the aid of fre- 
quency charts. 

Some steels are not uniform in their physical prop- 
erties in large sections. The author presents sugges- 
tions for steels that are suitable for large sections, 
with the strengths that can be expected from them. 
Gear steels are treated in a brief analysis, and Euro- 
pean practice is cited for gear steels and automobile 
construction in general, including a table of recom- 
mendations made by a British standardizing body. 


heat of steel that was picked for its exceptional prop- 
erties. The engineer cannot safely use this information 
as a working basis; he is not so much interested in ex- 
ceptional properties as in properties on which he can 
rely. 

The S.A.E. data sheets have been criticised because 
they do not show the highest values of which the va- 
rious steels are capable; in other words, because the 
curves are over-conservative. This is true necessarily, 
and that very fact should be considered as a recommen- 
dation and promote confidence in their use by the engi- 
neer. The values shown in the present 8.A.E. curves 
were determined by dividing the steels tested into two 
groups according to their carbon contents. The ulti- 
mate strengths and yield points were taken from ma- 
terials having their carbon contents in the lower half 
of the range, the elongation and reduction of area were 
taken from steels with carbon values in the upper half 
of the range, and the Brinell hardness numbers were 
taken in the middle of the section of the heat-treated 
specimens. This method results in curves approximat- 
ing the minimum values; they are conservative and 
safe for the engineer to use as a basis of computation. 


Causes of Variation in Properties 


Making a representative physical-property chart for 
an S.A.E. steel is not as simple as might appear from 
the finished charts. There are a number of variables 
which disturb an otherwise smooth curve. The vari- 
ables which affect the uniform values are : (@) variation 
in chemical analyses within the chemical-specification 
range, (b) variation in properties of different heats of 
steel of the same chemical analysis, and (c) variations 
from the specified heat-treatment, due to the personal 
equation. These will be discussed in the order named. 

Chemical Analysis.—Anyone who is familiar with the 
chemical and physical changes occurring during the 
melting process and the casting of a heat of steel will 
appreciate the difficulties of a steel maker in meeting 
the chemical specification in a 100-ton heat of open- 
hearth steel or in a 15-ton heat of electric-furnace prod- 
uct. Those who have attempted to meet chemical speci- 
fications in smaller batches in crucibles or small electric 
or high-frequency furnaces without the complication 
of refining are probably amazed that the commercial 
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steel maker can hold the composition as closely as he 
does. 

Carbon, which is one of the most effective elements 
in developing strength in steel, is permitted to vary 
over a 10-point range. A narrower range is practicable 
only in special cases and justly demands an extra from 
the steel companies. The ranges of the alloying ele- 
ments all play an important part, and the variations 
permitted are as follows: manganese, 30 points; nickel, 
50 points; chromium, 30 to 50 points; molybdenum, 10 
points; and, vanadium, minimum specified, desired 
given, no upper limit. Two extremes in composition are 
possible, both within the chemical specification, which 
show considerably different physical characteristics. 
While these extreme combinations are rare, it is a con- 
dition which must be recognized in presenting data in 
the form of a physical-property chart. To present data 
on steels with all the elements at the minimum would 
not be fair or represent commercial conditions. 

Variation between Different Heats els of the 
same chemical composition can have different physical 
properties. This is a subject on which we are gradu- 
ally accumulating more data. The McQuaid-Ehn tests 
brought the variables of grain size or rate of grain 
growth into the open. The steel companies have learned 
many of the controlling factors in regulating grain-size 
characteristics so that they are willing to accept speci- 
fications calling for material to be within a certain 
grain-size range. Many metallurgists have found this 
desirable, on steels used in important parts, to bring out 
uniformity in heat-treatment and resulting physical 
properties. 

A steel possessing inherent tendencies toward a rapid 
grain growth shows considerably different physical 
properties than a steel of the same general analysis but 
having slow grain-growth characteristics. 

Certain alloying elements, such as chromium and 
manganese, increase the tendency of a steel to show 
rapid grain growth, while the addition of nickel re- 
tards the action. The natural grain-growth character- 
istic of a steel can be altered by making small additions 
of vanadium, aluminum and possibly other elements to 
a molten heat at the proper time. 

The usual method of determining the grain-growth 
characteristic is the McQuaid-Ehn test, which consists 
of carburizing a sample of steel at 1700 deg. fahr. for 
8 hr. and cooling in the box. A cross-section of the 
sample is polished for microscopic examination, and the 
grain size produced is rated by checking against an 
empirical standard chart. When a steel is heated 
through the critical point, it recrystallizes, and the 
grain size shown in the final piece is an indication of 
its grain-growth characteristics. This test is a method 
of bringing out these characteristics. 

H. J. French, in studying some manganese molybde- 
num steels, noted widely different properties in different 
heats of this steel of about the same analysis’. Study 
of the grain-growth characteristics of these steels in- 
dicates that the mechanical properties varied over a 
wide range with the grain-growth classification. Fig. 
shows that the strength of the hardened steels increased 
and the ductility and notch-toughness decreased with 
increase in the grain size, and that these differences 
were as large as those produced by appreciable varia- 
tions in the manganese content. A striking example is 
furnished by the Izod values of the hardened cores of 
21-per-cent manganese-molybdenum steel, as indicated 
in the lower part of Fig. 1. The energy absorbed was 
about 80 ft.-lb. in the fine-grained steel and only 17 
ft.-lb. in the coarse-grained steel. 

Fine-grained steels are to be preferred as to tough- 
ness, but carburization difficulties may be encountered 





2See The Quenching of Steels, by H. J. French; American 
Society for Steel Treating, Cleveland, 1932 


unless adequate control of the grain size is maintained. 
For example, an exceedingly shallow case was obtained 
in the very fine-grained manganese-molybdenum steel. 

Other influences, such as the gas content of a steel, 
are being studied ; and another variable that we now 
known very little about may possibly be controlled 
this information develops. 

Variation from Heat-Treatment.—Variations in heat- 
treatment are bound to occur, even in the best-regulated 
plants. These variations are well illustrated in the co- 
operative tests run by the S.A.E. Subcommittee on 
Physical-Property Charts on S.A.E. Steels 6130 and 
3130. Samples from four heats of steel, each secured 
from a different steel company, were sent out to 28 co- 
operating testing laboratories with uniform instruc- 
tions covering quenching and drawing temperatures. 
Among the cooperating laboratories were 8 steel labora- 
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Manganese Content, per cent 
Fig. 1—MECHANICAL PROPERTIES OF _MANGANESE-MOLYBDE- 
NUM STEELS 
Properties Are Charted against the Manganese Content, Varia- 


tion Resulting from Change in Grain Size Being Indicated by 
Shaded Areas. Numbers Opposite Plotted Points Indicate the 


Approximate Grain Size by Ehn Tests Core Properties Are 
Shown in the Lower Part of the Chart and Properties of the 
Hardened Case at the Top The Carbon Content of the Steels 
Was 0.14 to 0.18 and the Molybdenum Content 0.15 to 0.30 Per 


Cent. The Quenching Temperatures Were 1550 Deg. Fahr. for 
the 1.4 to 1.7-Per Cent Manganese and 1475 Deg. for the Higher 
Percentages of Manganese 


June, 1932 
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tories, 14 automotive laboratories, 4 research labora- deg., both quenched in cool water and tempered for 1 


tories, 1 Government and 1 consulting laboratory. All 
of these laboratories are well equipped and have tech- 
nical personnel of a high order, but the variations re- 
ported from these different sources are surprising and 
emphasize a personal equation which must be dealt with. 
It would require a bold technical jury to decide which 
results are right and which are wrong. 

The following shows the difference between maxi- 
mum and minimum tensile strength on each heat of one 
chromium-vanadium and one nickel-chromium 
tempered at 800 deg. fahr. 


steel, 


Difference in 


Ultimate Difference in 


Tensile Brinell 
S.A.E.-6130, Strength, Hardness 
Heat Lb. per Sq. In. Number 
A 42,100 104 
B 20,425 15 
C 29,800 22 
D 43,550 90 
S.A.E. 3130, 
Heat 
A 23,000 40 
B 17,500 47 
C 18,700 418 
D 13,000 14 


The bars for each mill heat were from a single billet, 
so the composition actually varied over only a narrow 
range. However, the variation in analyses reported for 
each heat varied over an appreciable range, showing the 
possibility of variation from another human equation. 

The variation in physical properties from a single 
heat is due to variations in heat-treatment, in accuracy 
of pyrometers and in position of the couple in relation 
to the test piece. Variation in quenching temperature 
above the critical point of these alloy steels in a 1-in. 
bar has only a mild effect on the physical properties; 
the main cause for difference is variation in the draw 
ing temverature. 

One point that this test emphasizes is the futility of 
specifying drawing temperatures on a blueprint. A 
better system to avoid these variations and assure uni- 
form properties in the finished piece is to specify Brinell 
or other hardness limits on the heat-treated or finished 
piece. The Brinell hardness number of a steel is closely 
related to its ultimate tensile strength, so the desired 
strength is sure to be there when the hardness re- 
quirements are met. Shallow-hardening steels are an 
exception. Carbon steels are noted for their shallow- 
hardening properties; if they are heat-treated in sec- 
tions more than 1 in. through, a marked difference in 
hardness will be found between the outside and the 
center, and the surface hardness is not a true index of 
the strength of the body of the piece. 

Tests reported on four mill heats of S.A.E.-6130 
chromium-vanadium steel, heated to 1600 deg. fahr., 
and S.A.E. 3130 chromium-nickel steel, heated to 1525 


}See S.A.E. JOURNAL, January, 1928, p 
See S.A.E JOURNAL, 
y, ) 


Februar 1932, p. 26. 


January, 1932, Section 3, p. 11, and 





TABLE 1—DISTRIBUTION OF RESULTS IN TENSILE TESTS 


Ultimate 
Tensile Strength, 


Number of Tests 
within Range 


Lb. per Sq. In. S.A.E.6130 S.A.E. 3130 
145,000-155,000 2 0 
155,000-165,000 10 18 
165,000-175,000 20 re 
175,000-185,000 27 26 
185,000-195,000 10 { 
205,000-215,000 2 0 


Total Spread, 


lb. per sq. in. 56.700 51,500 





Vol. 30, No. 6 


hr. at 800 deg. fahr., showed variation in results as in 
dicated in Table 1. 


Method of Presenting Data 


Considering this variation, what is the best method 
of charting physical-property data? The S.A.E. Com- 
mittee thought that showing minimum values would not 
give the correct picture and that a single curve showing 
average values might be misleading, but that showing a 
range, limited by probable maximum and minimum 
values, would give a true and clear picture of the situa- 
tion. The use of actual maximum and minimum values 
from all tests might mislead by including freak values 
from improperly conducted tests. The method decided 
upon was to construct frequency or probability curves, 
such as are much used in other sciences when dealing 
with variable data. The simple graphical method for 
averaging individual curves that was used in the de- 
velopment of the frequency curves, together with actual 
curves of S.A.E.-6130 steel, were presented by E. T. 
Janitzky*. Curves for §S.A.E.-3130 and 6130 steels, de- 
veloped in this way, have been recommended for in 
clusion as general information in the S.A.E. HANDBOOK. 


Selection of Steels 


The design of an airplane, automobile, truck or trac- 
tor is closely interwoven with the materials used. The 
engineer should know the working stresses that he 
wishes to use and the metallurgist the steel which will 
best meet the stress, fatigue, shock and resistance to 
wear and present the minimum fabricating and heat- 
treating difficulty in the shop. The metallurgist should 
work with the engineering department in the early 


TABLE 2-—DATA ON CARBON AND ALLOY STEELS IN 2-IN. ROUNDS 
S.A.E. Steels 
Quenching Tempera 
ture, deg. fahr 
Drawing Tempera 
ture, deg. fahr 900 


1045 3130 8135 
1600 1525 1550 


1000 L00t 


Drawn in Water Water Oil 
Yield Point, 

lb per sq. 77,000 97.500 90 600 
Ultimate Strength 

Ib per sq. in 116,000 120,000 118,000 
Elongation, per cent 22 21 
Reduction of Area 

per cent D6 62 60 
Brinell Hardness No 235 243 2 


Izod Test, ft-ll 15 75 70 








stages of design, to avoid physical requirements which 
are extremely difficult to meet in the shop. Thin walls, 
deep undercuts or sharp corners may cost constant care 
in the hardening room to avoid warpage or cracking. 
Carbon steel will always find a wide use in machine 
parts where moderate strength and toughness are satis- 
factory. Parts of small section can easily be hardened 
by quenching in water, but high-carbon steel and a 
drastic quench are required to secure strengths of more 
than 100,000 lb. per sq. in. in parts of 2-in. section. This 
causes danger of cracking unless the part is of uni- 
form section. Alloy steel and oil quenching are advis- 
able for parts having considerable variation in section. 
If the shop is limited to water quenching, a low-carbon 
alloy steel can be used; for example, if water-quenched 
S.A.E.-1045 steel is necessary in carbon steel to get 
the strength, water-quenched §S.A.E.-3130 may be sub- 
stituted. S.A.E.-3135, quenched in oil, will give the 
same strength without danger of cracking, and the re- 
sulting piece will be much tougher. This is illustrated 
in the tests reported in Table 2. Considerably higher 
yield point and Izod impact are secured with the alloy 
steels. Table 3 contains suggestions to guide in the 
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selection of steels for heavy sections. In it are shown 
the Brinell hardness number, the corresponding 
strength of the steel and the quenching medium for 
sections of different diameters. 

The nickel-chromium-molybdenum steel referred to in 
Table 3 is gaining considerable favor for use in heavy 
parts, such as rear-axle driveshafts of trucks and motor- 
coaches. Typical properties on bars heat-treated in 3- 
in. sections by quenching in oil from 1525 deg. fahr. and 
tempering at 900 to 950 deg. are: Brinell hardness 
number, 415; tensile strength, 190,000 lb. per sq. in.; 
yield point, 165,000 lb. per sq, in.; elongation, 12.5 per 
cent; reduction of area, 50 per cent; and Izod impact 
test, 27 ft-lb. 

Gear Steels 


No discussion of automotive steels would be complete 
without reference to those used for gears. Gear steels 
occupy a field of their own, and it would be impossible 
to include more than a meager discussion of them in a 
paper of this type. 

There will always be considerable difference of 
opinion regarding the relative merits of oil-hardened 
and case-hardened gears. The former have lower cost 
to recommend them, while the latter have greater tough- 
ness and resistance to wear. The value of nickel in in- 
creasing the toughness and decreasing the sensitiveness 
to variations in quenching temperature is brought out 
in Table 4. Study of this table shows that 


(1) The effect produced on the toughness by increas- 
the nickel content is quite evident. 

(2) The effect of overheating for quenching is very 
much lessened with increasing nickel content. 

(3) Full hardness is developed at low quenching tem- 
peratures with the nickel steels. 


The Lewis formula for figuring the strength of gear 
teeth is not suitable for determining the size and per- 
missible load of automotive gears, as the strength of 
the tooth is not so much a consideration as is the ca- 
pacity of the tooth to resist wear. When the unit pres- 
sures on the tooth are sufficiently low to avoid pitting of 
the face and rapid wear, the gears generally are suffi- 
ciently strong to avoid tooth breakage if they are made 
of an inherently tough steel. Gears of case-hardened 
steels, because of the high carbon content, strength, and 
hardness of their tooth surfaces, permit the use of 
greater unit loads than do oil-hardened gears. 

The unit pressure at the point of contact between two 





TABLE 3 ANALYSES OF STEEL FOR DIFFERENT STRENGTHS IN 
VARIOUS SECTIONS 
Brinell lensile Strength in Diameter of Section, In 
Hlardness Mid-Section, - 
Number Lb. per Sq. In. 1 2 3 4 5 
IS7—212 90 , 000-100 , 000 1035: 1045 31400 31400 31400 
31300 23400 23400 23400 23400 
212-248 100 ,000-115, 000 1040 1045 31400 3140 3145u 
313001 3130 23400 2340u 32400 
23300u 31350u 
248-285 115,000-130, 000 3130u 31400 3145u 3145 32400 
23350 23400 32400 32400 NCMo 
285-321 130, 000-150, 000 3130u 31450 32400 33400 33400 
31400 23450 34350 NCM%o NCM 40 
33 400 
321-363 150, 000-170, 000 31400 32400 33400 33400 
34350 NCM*e NCM 
363-401 170, 000-190, 000 34350 33400 33400 
32400 NCM?*o NCM 40 


' Analyses are given in S.A.E. Specification numbers, except for 


one special steel. w indicates quenched in water, o indicates 
quenched in oil, and either quenching medium can be used wher 
both letters are shown. 

> Nickel-chromium-molybdenum steel of the following analysis 
in per cent: carbon, 0.35-0.40; chromium, 0.60-0.80; nickel, 175 
2.00; molybdenum, 0.30-0.40 
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TABLE 4—EFFECT OF NICKEL ON IMPACT PROPERTIES OF GEAR 
STEELS 

Quench Brinell 

ing Temper Izod Hard- 

S.A.E. Composition. Per Cent ature, Impact, ness 
No C Ni Cr Deg. Fahr. Ft-Lb Number 
5153 0.47 0.90 1475 5.5- 6.0 444-53 
1600 3.0- 4.0 514-534 
3245 0.52 1.67 1.00 1425 10.5-12.5 514-540 
1600 3.5- 8.0 514-540 

3445 0.50 2.75 0.94 1425 14.0-14.5 514 

1600 13.0-13.0 514-555 
2345 0.46 3.38 1425 14.0-16.5 514-555 
1600 15.5-18.0 514-578 
¢ All specimens quenched in oil and tempered at 400 deg. fahr. 





gear teeth can be determined by the Hertz formula, but 
the question of the stress allowable for satisfactory life 
remains. 

I am of the opinion that pitting of a gear tooth is a 
surface-fatigue failure due to repeated compressive 
stressing above the compressive endurance limit of the 
steel. If this is true, the allowable stress is a function 
of the endurance limit on repeated stressing from zero 
to the maximum. Most available data on endurance 
limits are on either alternate tension and compressive 
stressing or stressing under tension alone, so the as- 
sumption has to be made that the endurance limit under 
compression follows the same general laws and is of the 
same order of values. Available data indicate this to 
be true. 

An oil-hardened gear-steel of S.A.E.-2350 or 3250 
analysis will have a Shore hardness of about 72 or a 
Rockwell hardness of C-52. This corresponds to a ten- 
sile strength of about 270,000 lb. per sq. in. and an en- 
durance limit under alternate stress of about 115,000 
lb. per sq. in. As the stress at the tooth contact is in one 
direction only, the endurance limits under this condition 
would be about 50 per cent greater, or 173,000 lb. per sq. 
in. Allowing a factor of safety on this maximum figure 
will give a suitable designing stress. The maximum 
unit surface stress for passenger-car-transmission ser- 
vice with intermittent use would be of the order of 
160,000 to 165,000; for trucks, 150,000, and somewhat 
lower for continuous service. 

On case-hardened gears, hardness values of between 
80 and 85 Shore are common, which correspond to sur- 
face strengths of 315,000 to 320,000 Ib. per sq. in. 
Fatigue tests by J. C. A. Woodbine’ on carburized speci- 
mens with the core removed showed endurance limits on 
the case of 134,000 lb. per sq. in. for S.A.E.-2315 and 
143,000 for S.A.E.-2512 steel. The endurance limit on 
the case-hardened surface under compressive stress 
from zero to maximum would be of the order of 200,000 
lb. per sq. in. for S.A.E.-2315 and 215,000 for S.A.E.- 
2512 steel. 

These values have been used for automobile trans- 
missions for intermittent service, with figures on maxi- 
mum engine torque, but a suitable factor of safety 
should be applied for a truck or tractor or for constant 
service. In checking these values I have been informed 
by the metallurgist of a truck company that case- 
hardened 5-per-cent-nickel-steel transmission gears have 
given satisfactory wear when the unit load on the tooth 
contact, figured from maximum engine torque, did not 
exceed 225,000 lb. per sq. in. Ata unit stress of 240,000 
lb. per sq. in., the gears pitted rapidly. The actual 
loads, of course, were intermittent and would not reach 
these values, as no allowance was made for friction 


losses. 
Foreign Automotive Steels 
In checking over the specifications of foreign cars, 


one is impressed by the lack of unified steel specifica- 
tions such as we have in the S.A.E. HANDBOOK. An ef- 
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TABLE 5—BRITISH RECOMMENDATIONS FOR STEELS 


FOR AUTOMOBILES, PROPOSED FOR STANDARD- 


IZATION 
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Steel 35 -70 $.75;1.0) ¢ +t + 293 | T. 560-660°C. | Washers, Cylinder studs, 
Cylinder head shrink band. 
Nickel 25 | | .45 3.0 .50 269 | Q.P. 830°C. Crank shaft, Rocker arms, 
Chrome Steel | to | .30 | to | .05| .05! to to | 25 .65 | 1.0 60 | 70 |. 18 | 50 | 40 | to | and Gears. 
(for crankshaft)! .35 .70 3.75 | 1.0 321 | T. 550-600°C. 
Air-hardening | .25 35 3.75 | 1.0 ‘oa Min| A.H. 820°C. | Crank shaft gears. 
2.8. 28 Nickel-Chrome | to | -30 | to | .05|.05| to to | .25| .65 | 1.0 100 | - 12 | 25 | 15 | 444 and 
Steel .32 .60 4.5 1.5 t + + T. 250°C. 
High Chrome !Max . ~ \MaxMin| oe oe ~~ | 1521 0.Q. 940°C. | Exhaust pipes. 
8. 61 Non-corroding | .15 | .50 1.0 |12.0 35 | 45 | 25 | 50 | 45 | to- and | - 
Steel x |207|T. 600-750°C. | 
65 ton 22 35 2.75 | 1.0 ok A. | | |99310.Q. 830°C. | Connecting rod. Rocker 
S. 65 Nickel-Chrome | to | .30| to  .05/| .05| to to | .25| .65! 1.0 65 | 70 | 17 | 40 | $5 | to and arms. 
Steel. 28 65 $5|\141 Ti 321] T. 500-600°C. 
Chrome Nickel Max Max ion 6.0 10; | | | | 7 act 4a Hard r tel Exh: . t wt studs. , 
D.T.D. 43 Non-corrosive | .20. .60 | .60 to to 99 50 95 0 Hard rolled Exhaust port studs. 
Steel. 10.0 |20.0 ° 
| High Nickel. Max (max | (MinMin| | | 0/| | | | | | \207| 0.9. 950°C. | Valve 
D.T.D.49A | Chrome-steel .55 | 3.0 | 1.5 9.0 |12.0 to 15 | to = tae ease. _ 
(for Valves) 6 293 
50 ton steel. Max Max! t ae 2 ‘Sten! : j 7 —- | Seale — foe iia: |i a 
‘ P _ |May Special Cold drawn Tubes. 
D.-T.D91A | (tubes) 560 | .30 | 1.5 | .05 | .05 |3.75 45 | 50] Flattening and blued 
Test 














0.Q.—Oil quenched. T 
t—Optionel 


W.Q.—Water quenched after refining. 
*—-45 tons if diameter is over 2in. 


-Tempered. 


s : x—25ft. lbs. for bars over 2in. diameter. 
b—Flattening Test.—Flatten till sides of tube are separated by not more than 8 times thickness of wall or 


A.H.—Air hardened. 


2” bore whichever is the smaller 





fort is being made in England to standardize the steel 
practice, as shown by the recommendations of the 
3ritish Engineering Standards Association, now the 
British Standards Institution, which are reproduced in 
Table 5, from the house organ of the Edgar Allen Steel 
Co. 

Greater use is made of alloy steels in foreign cars 
than is usual in this Country except in heavy-duty units. 
The tendency in Europe is to use steel of lower carbon 
but greater alloy content; we find a steel with 0.40 per 
cent of carbon and 0.75 to 1.00 per cent of nickel much 
used for front-axle centers, connecting-rods and crank- 
shafts, which are generally of water-quenched carbon 
steel on passenger-cars in this Country. This practice 
improves the hardening quality of the steel, so that oil 
quenching of these parts is prevalent in Europe. On 
heavy-duty jobs, 3.0-per-cent-nickel or nickel-chromium 
steel is used. 

The tendency abroad for steering knuckles is to use 
3.5-per-cent-nickel steel or a nickel-chromium steel 
similar to S.A.E.-3435, oil quenched, while in this Coun- 
try the use of water-quenched S.A.E.-3130 or oil- 
quenched §.A.E.-3135 is typical. European transmis- 
sion gears show a wide variety of practice. Case- 
hardened gears of 3.0 to 3.5-per-cent nickel, 5.0-per-cent 
nickel or the Krupp analysis of 4.5-per-cent nickel and 
1.5-per-cent chromium are common. Oil-hardened gears 
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are commonly made of steels containing 0.28 to 0.35 per 
cent of carbon, 1.50 per cent of nickel and 1.0 to 1.25 
per cent of chromium. For heavy duty, the nickel is 
increased to 3.0 per cent. 

One practice not found in this Country is the use of 
air-hardening steels for gears. A typical analysis is 
carbon, 0.30 per cent; nickel, 3.50 per cent; and chro- 
mium, 1.50 to 1.75 per cent. An addition of 0.15 to 0.25 
per cent of molybdenum is made for the highest results. 
These steels are hardened by heating to 1600 deg. fahr., 
cooling in air and tempering at 400 deg., and they show 
a Brinell hardness of close to 500. One interesting vari- 
ation, used in a French car, is to carburize this steel to 
secure a case of 0.005 to 0.010 in., the hardening being 
performed by removing from the carburizing box and 
cooling in air. Rear-axle pinions and ring gears usually 
are case-hardened, although air-hardened ring gears are 
used. 

For rear-axle shafts, 3.0-per-cent-nickel and the oil- 
hardening chromium-nickel steels are common in Eu- 
rope, and air-hardening steels are used for heavy-duty 
work. For large-diameter shafts, an alloy containing 
0.30 per cent of carbon, 4.00 per cent of nickel, 1.25 per 
cent of chromium and 0.20 per cent of molybdenum, air 
hardened and tempered, gives a strength close to 200.- 
000 Ib. per sa. in. 
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Automotive Research 


6 account of the 
variations in the 
front - wheel align- 
ment of various cars 
as manufactured, ex- 
cessive tire wear oc- 
curring in the field 
and the unsatisfactory 
methods used for cor- 
recting alignment, the Research Com- 
mittee of the Society’ thought it ad- 
visable to appoint a subcommittee to 
make a study of the subject with the 
hope of procuring better conditions. 
It was desired to form a committee 
representative of manufacturers of 
cars, tires and steering-gears and of 
the service field. Therefore the fol- 
lowing members were selected during 
the summer of 1928, their company 
connection being as_ indicated. Mr. 
Nickelsen was Chairman during the 
first two years and Mr. Lemon there- 
after. 


B. J. Lemon United States Rub- 


(Chairman) ber Co. 
W. B. Barnes Auburn Automobile 
Co. 


F. ¥. Chandler 
C. P. Grimes 


Ross Gear & Tool Co. 

Grimes Brake Engi- 
neering Service 

Chrysler Corp. 

General Motors Prov- 
ing Ground 


N. F. Hadley 
QO. T. Kruesser 


KE. S. Marks Hl. H. Franklin Mfg. 
Co. 

yy Nickelsen University of Michi- 
gan 


A. R. Platt 
C. B. Veal 


A. R. Platt Co. 
Society of Automo 
tive Engineers 


In attacking the problem, the Sub- 
committee received the cooperation of 
the General Motors Proving Ground. On 
account of the large number of cars 
purchased for and driven at the Prov- 
ing Ground, that organization was able 
to secure for the Committee desirable 
information on the alignment of cars. 
Engineering specifications for the 
alignment of their cars were secured 
from the various automobile factories. 
New cars as received at the Proving 
Ground were first checked to determine 
whether the alignment came within the 
manufacturers’ specified limits. In at- 
tempting to get this information, such 
instruments as were available were 
used. Difficulty was encountered in ob- 
taining results that would check. The 
instruments were then modified and im- 
proved to the point where satisfactory 
readings could be made. A description 
of the instruments used is incorporated 
in an earlier report of this Subcom- 
mittee’. A large concrete surface-plate 
was made up on which the entire car 
could be placed, to facilitate alignment 
measurements. 


Errors Found in Cars Tested 


Of the cars received at the Proving 
Ground, engineering specifications were 
available on only 71. Following are 


1See S.A.E. JoURNAL, April, 1929, p. 440. 


Subcommittee Work and Conclusions Analyzed _ in. 
—Annual Meeting Report by J. M. Nickelsen 


the data on these as received from the 
manufacturers: 
Caster Angle 


Number of Cars 
Left Side Right Side 


O:. K. 14 14 
Within +% Deg. 22 28 


Steering-Knuckle-Pivot Angle 


©: KE. 0 0 
Within +% Deg. 10 16 
Within +1 Deg. 30 34 
Camber Angle 
©.-K.. 19 13 
Within +% Deg. 45 4l 
Toe-In 
O. K. 30 


After this preliminary check, the cars 
were driven and readings taken every 
5000 miles, as it was desired to note 
the change in alignment in service. 
Changes noted after these cars had 
been driven from 5000 to 20,000 miles 
are summarized in the following tabu- 
lation, which includes some extreme 
examples: 


Caster Angle 
Left Right 
Side Side 
Number of Cars Changing % 
Deg. or More in Service 37 3 
One Car, for Which the Engineering Speci- 
fications Are 1% to 2% Deg. 


- 
‘ 


Car as Received, deg. i 0.6 
After 5000 Miles, deg. ae 3.3 


Steering-Knuckle-Pivot Angle 

Number of Cars Changing % 

Deg. or More in Service 24 31 

Two cases of exceptional change are 
noted; in one the angle increased, in 
the other the angle decreased, as fol- 
lows: 
One Car, for Which the Engineering Speci- 

fications Are 9% Deg. 


Car as Received, deg. 6.25 6.3 
After 5000 Miles, deg. 7.0 6.9 


One Car, for Which the Engineering Speci- 
fications Are 8 Deg. 
Car as Received, deg. 


After 5000 Miles, deg. 5.8 6.1 


Camber Angle 
Number of Cars Changing 12 
Deg. or More in Service 10 4 
One Car, for Which the Engineering Speci- 
fications Are 1% Deg. 


Car as Received, deg. 0.35 0.3 
After 5000 Miles, deg. 0.1 0.3 


Out of 45 cars checked, the toe-in of 
32 changed in service. One car, for 
which the engineering specifications 
called for a toe-in of 1/16 to % in., was 
received with a negative toe-in of 1/32 
in. Before driving, this was corrected 
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driving 5000 
miles, the toe-in was 
again negative, 5/16 


Front-Wheel Alignment Reser attving BO0G 


The foregoing gives 
a general perspective 
of the variation in 
: alignment of cars as 
received from the factories and of the 
changes that occur in some of them 
with very little mileage. Roadability 
and tire mileage were satisfactory 
when the cars were held within reason- 
able limits of their specifications. 


Preliminary Conclusions of Committee 


From these data the following five 
general conclusions were drawn up and 
submitted to the members of the Sub- 
committee for approval: 


(1) More than one-half of the new cars ex- 
amined at the Proving Ground for 
alignment were found not to meet the 
manufacturers’ specifications of toe-in, 
camber, caster and _ steering-knuckle- 
pivot inclination. 

2) Much of the equipment for measuring 
toe-in, camber, caster and _ steering- 
knuckle-pivot inclination is still far 
from satisfactory. 


(3) Certain practices connected with align- 
ment readjustment, such as_ heating 
and/or bending of axle parts, are de- 
cidedly questionable and likely to do 
more harm than good. Damaged or de- 
fective parts should be replaced by 
new ones. 

(4) The examination and testing of cars of 
various makes indicates that no single 
set of specifications can be drawn for 
general application to cars of all makes. 
The problems must be handled by each 


individual manufacturer for his 


own 
product. 


7 


9) The manufacturer who designs and 

produces the car should be responsible 
for coordinating methods of measuring 
and correcting alignment in the field 
with those used in his engineering and 
inspection departments. The manu- 
facturer must also consider the training 
of his field representatives in the cor- 


rect application of the methods he has 
established. 


_Unanimous approval of these conclu- 
sions was not reached by members of 
the Subcommittee. Items (3) and (4) 
were the ones in question, particularly 
the former. Because of this difference 
of opinion, letters were sent to auto- 
mobile engineers, including chief en- 
gineers of all passenger-car, steering- 
gear and axle companies, for their 
opinions relative to Item (3). A sum- 
mary of the replies follows: 

Hot Bending: no, 15; no, unless carefully 
heat-treated afterward, 1; yes, if not heated 
above 800 deg. fahr., 1. 


Cold Bending: no, 4; no (qualified), 4; 


co > 
yes (qualified), 8; yes for axles, no for 
steering parts, 1. 


The general qualification on cold 
bending was that the bend should not 








18 


exceed 5 deg., which is equivalent to 
% in. in 10 in., and that the piece be 
inspected closely for cracks after bend- 
ing. 


Exception Taken to Hot Bending 


One manufacturer submitted a com- 
prehensive report in which were in- 
cluded a number of microphotographs 
showing the correct grain structure of 
steel, the grain structure of steel that 
had been mistreated and views of parts 
that failed in service because of rough 
treatment or overheating. 

Because of the opinions received in 
reply to the questionnaire, Item (3) of 
the original report was revised to read: 


(3) Damaged, kinked, badly deformed and 
defective parts should be replaced by 
new ones. 

(a) Heating to accomplish the bending and 
straightening of axles and_ steering 
parts, as related to alignment readjust- 
ments, is condemned as dangerous prac- 
tice. 

(6) Cold bending and straightening of 
axles and steering parts, particularly of 
steering parts as related to alignment 
readjustments, is questionable practice. 
Cold bending of a part that is distorted 
more than 5 deg. should not be at- 
tempted. All parts that are bent cold 
should be examined carefully for 
cracks after bending. 


That a few of the better service sta- 
tions have equipment which enables 
them to hot-bend an axle or steering 
part and heat-treat it afterward so as 
to bring it back to its original condition 
is admitted; however, these are so few 
that the general practice should be con- 
demned., 

While Item (4) did not provoke the 
discussion brought out by Item (3), it 
did develop some difference of opinion. 
The view of the majority of the Sub- 
committee members was that the man- 
ufacturer must work out suitable speci- 
fications for cars being put on the mar- 
ket and that it would be out of place 
for the Subcommittee to make a rec- 
ommendation for standard practice. In 
checking over the most recent engineer- 
ing specifications available (those for 
1931, shown in Table 1), it is to be 
noted that several manufacturers pro- 
ducing more than one car model find it 
best to specify different alignment for 
various models. 


Recommendations for Manufacturers 


From the data collected at the Gen- 
eral Motors Proving Ground, it ap- 
pears that the factories should main- 
tain a better check on alignment of cars 
delivered to the customer. Attention 
should also be given to designing the 
parts so that the car will hold to 
specifications during reasonable mile- 
age. 

As to Item (5), the opinion of the 
Subcommittee is that the manufactur- 
ers, through their service departments, 
should give representatives in the field 
more complete and thorough informa- 
tion on the alignment of their product. 
Suitable equipment for this work 
should be recommended by them, so 
that satisfactory checks can be made 
and the cars brought within the limits 
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TABLE 1—ALIGNMENT SPECIFICATIONS 
FOR 1931 PASSENGER-CARS 


Camber or Pitch 








Auburn... 4 2 1-2 7 
Buick 8-50, 1-362 1-134 ] , 9 
Buick 8-60, 8-80 and 
8-90... 3-4 
Cadillac, V-8, V-12. %-% 1! 2 
Cadillac, V-16 . &% ll, -3 
Chrevolet. ... 0.080- 
0.119¢ 
Chrysler 6 lo 3x 
Chrysler De Luxe... 0-Y% 
Chrysler Imperial 8 0-4 
Cord..... . o% 
DeSoto 6... . lee 
DeSoto 8. . 0-86 
DeVaux-Hall..... lig 
Dodge 6... Veo 3 2 
Dodge 8... leo 3.5 
Duesenberg. . Ve-% 
Essex... + | 
Ford. ... leo 340 
Franklin.. . o% 
Graham 6 . &% 
Graham 8. . ...+ 4h 
Hudson. . - wl 
Hupp C, H and U ! 
Hupp S and L... Ly 
Kissel 8-95 Bie 
3 
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Kissel 8-126. 
LaSalle. .. : g-\4 
Lincoln..... lie 4 
Marmon 16.. O-lig 
Marmon 79 0-1 
Marmon 88 Ole 
Nash 960, 970 and 

980 . 
Nash 990. . lg 
Oakland... 0-3 
Oldsmobile... ey 
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Packard.. 4 1! l 916 
Pierce-Arrow. .. Le 3% lh 134 8 


> a 


Plymouth. . “ar 7%2 l 
Pontiac... . 0-18 l 
teo B-2.. . A I 
l 
l 
l 


Reo C Gace . O% 
olls-Royce P-I . 
olls-Royce P-II l 
Studebaker 6 and 
Dictator. .. lige l 1-2 8 
Studebaker Commander 
and President ... “6-4 l 1-1 
Stutz... M4 
Willys 6 and 8 3 
Willys-Knight . & , 1-2 


ho ss) 


to 
aa. 





« With _de mountable 


wood, wire or disc 
wheels, 7/32-9/32 in., measured between 
tires. 


’With demountable wood, wire or disc 
wheels, 144-3/16 in., measured between tires 
¢ Measured between edges of felloes. 


specified by their engineering depart- 
ments. 

The Subcommittee believes. that 
urgent need exists for supplying 
promptly to the service stations align- 
ment-specification data covering all cars 
as produced. Many of the data used in 
the past have been obsolete on account 
of the difficulty of securing the latest 
specifications. It seems desirable that 
such data be furnished to trade jour- 
nals for publication and to other organ- 
izations that might wish to avail them- 
selves of it. 


Discussion of the Report 


Members of the Subcommittee, car 
engineers, tire service men and others 
at the Annual Meeting discussed the 
foregoing report. A few representative 
contributions to the discussion are ab- 
stracted in the following paragraphs. 

B. J. Lemon, Chairman of the Sub- 


committee during the last two years, 
remarked that the work was begun at 
the request of the tire companies be- 
cause of irregular tire wear and the 
scarcity of published information on 
front-wheel geometry to constitute an 
accurate basis for making corrections. 
The need for research work on align- 
ment was illustrated by an experience 
with a test car, the alignment of which, 
after 10,000 miles of service, was cor- 
rected by an alignment expert who ap- 
plied a blow-torch to bend the steering 
parts. After operating the car for 10,- 
000 miles more, the parts were returned 
to the car maker, who reported them to 
be only one-half as strong as they 
originally were. 

Mr. Lemon expressed the belief that 
a general improvement has been made 
in front-end geometry since the work 
of the Subcommittee began. This im- 
provement he ascribed to a reduction 
in camber and perhaps in toe-in, with 
more attention given to caster angle. 
Improvement in front-wheel brakes 
also has contributed to a reduction in 
front-tire wear. 

J. W. Shields, field engineer of the 
Firestone Tire & Rubber Co., called at- 
tention to the items in the report which 
showed that one-half of the new cars 
examined at the Proving Grounds were 
outside the alignment limits of the 
manufacturers’ specifications. The 
correction of this condition does not 
properly belong to the tire man, but 
he has been obliged, in self-defense, to 
install apparatus for measuring and at- 
tempting to correct the condition. Di- 
plomacy is necessary if the tire man 
is to correct the alignment of a vir- 
tually new car in a way that will sat- 
isfy the customer without causing 11l 
feeling with those who made and sold 
the car. 

When high-pressure and solid tires 
were common, nearly all motor-trucks 
and motorcoaches were made with a 
high degree of camber. When balloon 
tires were applied, such camber caused 
rapid wear, and it was often necessary 
for the tire men to change the camber 
and the toe-in. Mr. Shields’ experience 
indicates, he said, that the ideal condi- 
tion for tire wear, disregarding prob- 
lems of shimmy and hard steering, 
would be to set the camber and toe-in 
so that both will be zero when the car 
is operating under load at its normal 
speed. 


Tests Indicate Toe-in Causes Wear 


George M. Sprowls, manager of the 
highway transportation department of 
the Goodyear Tire & Rubber Co., re- 
ported tests on the effect of camber 
and toe-in during which the tires on 45 
cars were observed. These cars were 
divided into three equal groups having 
cambers of 0, 2 and 4 deg. respectively. 
Each group was subdivided into three 
groups of five cars each, having toe-in 
settings of 0 to 1/16, 3/16 to %4 and %% 
to 7/16 in. respectively. The caster 
angle was kept constant. 

All these cars were operated for a 
uniform distance of about 20,000 miles, 
and the amount of tread wear was 
measured. The least wear was found 
on the group having 0-deg. camber and 
0 to 1/16-in. toe-in. Taking the wear 
on this group as 100 per cent, the wear 





on all the groups, in per cent, was as 
follows: 


Camber, Deg. 0 2 4 
Toe-in, In. 

0-1/16 100 112 120 
3/16-1 L15 121 122 
40 -7/16 158 132 148 


This test indicated that toe-in was 
the item that needed most careful 
watching to keep the tire wear to the 
minimum, although camber cannot be 
said to be without effect. Mr. Sprowls 
also observed several cases in which 
both toe-in and camber were very small 
but uneven wear occurred on the treads 
of the tires. He is looking for an ex- 
planation of this. 


Advocate Standardizing the Settings 


A. R. Platt, a member of the Sub- 
committee, expressed the belief that it 
should be possible to calculate the toe- 
in required for given camber and caster 
angles. Checking toe-in without first 


Council Hears Favorable Report on 


T a meeting held in New York City 
A on May 11, the Society’s Council 
showed particular interest in and ap- 
preciation of the results of the Get- 
Your-Man campaign for new members. 
It was reported that the applications 
thus far received exceed the 200 mark. 
Plans were accepted for a vigorous con- 
tinuation of the membership enterprise, 
which will close officially on July 31. 

The Council directed that, beginning 
with dues for the coming year, starting 
Oct. 1, 1932, the members will be billed 
for the full amount, but with the priv- 
ilege of paying their dues in half-yearly 
installments. 

Considerable thought was devoted to 
proposals for the enlargement of the 
Society’s activity designed to give all 
members greater participation privi- 
leges and increased personal activity, 
with resulting benefits to themselves; 


rial were mailed to the membership on 
May 20, the reverse side of the sheet 
giving information about railroad ac- 
commodations and reservations con- 
tained flying data, for the convenience 
of members who plan to fly to the Sum- 
mer Meeting. 


Entertainment for Ladies 


Many of the ladies who in the past 
have attended the Society’s Summer 
Meetings at White Sulphur Springs 
have expressed great satisfaction at the 
delightful surroundings and the numer- 
ous opportunities for enjoyment, and it 
is confidently believed that the 1932 
meeting will furnish no exception in 
this respect. As usual, bridge will be 
arranged each forenoon for those ladies 
who wish to play, and other recre- 
ational facilities will include golf, ten- 
nis, archery and swimming, as well as 
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checking the camber and caster angles 
he considers useless, so it is necessary 
to supply the workers in the field with 
some form of instrument that will au- 
tomatically calculate the toe-in re- 
quired and eliminate the workman’s 
guess. Records of more than 2000 cars 
indicate to him that usually the camber 
or caster or both are incorrect, and the 
chances are slight that the workman 
will make the right guess as to what 
the toe-in should be. 

Mr. Platt commented on the small 
variation in the camber and caster an- 
gles reported in Table 1 and advocated 
standardizing on the average of those 
figures. With these angles standard- 
ized, a standard toe-in setting could be 
adopted which would make it unneces- 
sary to rely upon the judgment of the 
service mechanic in setting toe-in. 

Edgar Shay, of the Chrysler Corp., 
advocated standardizing the camber 
and caster. He recommended that both 
of these angles should be 1 deg., and 
that the toe-in should be set with the 


also to add a new large group of quali- 
fied men and to provide for the further 
growth and continued service of the So- 
ciety. The ideas behind these plans in- 
cluded an extension of Society meetings 
to communities that do not enjoy the 
advantages of meetings at present. 
Fifty applications for _ individual 
membership and 30 transfers in grade 
of membership were approved. Seven 
resignations were accepted and three 
reinstatements to membership were ap- 
proved. Thirty-six applications, one re- 
instatement, one reapproval and one 
grade transfer, on which the Council 
had acted by mail vote, were confirmed. 
The appointment of C. C. Hinkley for 
service on the S.A.E.-A.S.M.E. Diesel- 
Fuel Research Committee was approved. 
Grosvenor Hotchkiss was appointed 
to act as the Society’s representative on 
the Division of Engineering and Indus- 


Prepare for Prosperity 


(Concluded from p. 11) 








Meetings Calendar 


General Meetings 


Summer Meeting—June 12 to 17 

Greenbrier Hotel, White Sulphur 
Spring, W. Va. 

Aeronautic Meeting—Aug. 30 and 31 

Hotel Statler, Cleveland. 

In connection with the Aeronautical 
Chamber of Commerce of America 
during the National Air Races. 

Production Meeting—In Week of Oct. 3 

174th Regiment Armory, Buffalo. 

In cooperation with the National Metal 
Congress and Exposition. 
Transportation Meeting—Oct. 4 to 6 

Royal York Hotel, Toronto, Canada. 
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aid of some instrument embodying 
something like a movable board that 
will indicate any abrasive action. 

J. F. Winchester, of the Standard Oil 
Co. of New Jersey, stated that he con- 
sidered the report valuable because it 
definitely demonstrates that roadabil- 
ity and tire mileage are satisfactory 
when the cars are held within reason- 
able limits of their specifications. This 
shows that the engineers have done 
their work well; apparently better fac- 
tory inspection methods is the need. 
He believes, he said, that suitable speci- 
fications should be furnished by the 
manufacturers to reputable service or- 
ganizations, which usually have per- 
sonnel sufficiently well trained to make 
alignment adjustments for a reason- 
able charge. The past difficulties have 
been that the fundamentals have not 
actually been portrayed and adequate 
engineering information on _ definite 
models has not always been supplied 
promptly by the service departments 
of the large manufacturers. 


Membership 


trial Research of the National Research 
Council to serve for three years, begin- 
ning June 30, 1932. Mr. Hotchkiss will 
fill the vacancy left by Edward P. War- 
ner, whose term of office expires on 
June 30. 

H. F. Huf was appointed to act as the 
Society’s representative on the Noise- 
Measurement Sectional Committee of 
the American Standards Association. 

The Council approved of having the 
Society sponsor, without financial obli- 
gation, a six-volume work on Aerody- 
namic Theory, edited by Dr. W. F. Du- 
rand; this being a joint sponsorship 
with the Daniel Guggenheim Medal 
Fund and the Engineering Societies 
Monographs Committee. 

The next meeting of the Council will 
be held at White Sulphur Springs dur- 
ing the Summer Meeting period. 


dancing each evening after the adjourn- 
ment of the technical session, and a 
grand ball on Thursday evening. 


Use That Reservation Blank! 


Applications for hotel reservations 
have been coming in daily at the So- 
ciety’s headquarters ever since the first 
blank was mailed with the Meetings 
3ulletin, late in April, and especially 
since a second blank was sent out, on 
May 20, for use by those who had mis- 
laid or for some other reason failed to 
use the first blank. It is not yet too late 
to secure acceptable accommodations at 
the hotel if the second blank is filled 
out and returned at once. Members 
who are planning to attend the Sum- 
mer Meeting, but have not yet made 
application for reservations, are urged 
to do so at once, mailing the blank with 
check to the offices of the Society. 


June, 1932 











Transportation Engineering 


ORGAN T. 


. bd bd sibility for the lives 
L RYAN, registrar Powers of a Registrar Outlined and safety of their 
ot motor-vehicies for passengers. This calls 
Massachusetts told ' for the highest degree 
members and guests Massachusetts Department Head Indicates Pres- 0! competence and 
of the New England carefulness. The driv- 
Section recently that ent Scope of Motor-V ehicle Control er’s conduct on the 
driving a motor-vehi- road will be judged 
cle has been held by 


the Supreme Court to be, not a Consti- 
tutional right, but a privilege that may 
be granted or revoked. ‘the law classes 
the motor-vehicle as dangerous, and the 
Legislature has delegated to the Reg- 
istry of Motar-Vehicles the power to 
grant and to revoke drivers’ licenses. 
The following extracts from Mr. Ryan’s 
address illustrate the comprehensive 
nature of the control exercised. 

No real conflict can exist between the 
Registrar and the courts, since each is 
exercising separate and distinct pow- 
ers granted by the Legislature. Each 
approaches a different object by differ- 
ent means. The court seeks to deter- 
mine whether the defendant has vio- 
lated the criminal statute and is, there- 
fore, deserving of punishment by fine 
or imprisonment. The registrar’s pur 
pose is to ascertain whether the opera- 
tor’s conduct constitutes improper oper- 
ation sufficient to justify the withdrawal 
for a time of his privilege to operate a 
motor-vehicle. 

The registrar has no concern with 
actions to recover money damages, and 
to suspend or revoke a license or regis- 
tration merely to compel the settlement 
of such a claim would be an abuse of his 
authority. Many complainants seem to 
be unaware of this distinction and at- 
tempt to use the registrar’s office as a 
collection agency. This does not mean 
that the registrar will refrain from tak- 
ing action where money damages are in- 
volved, but that he will determine such 
cases solely on the basis of the fault of 
the operators involved and discount com- 
plaints impelled by improper motives. 


Authority to Suspend Licenses 


The registrar’s authority to suspend 
licenses is very broad. He may suspend 
the license of any person in his discre- 
tion, and without a hearing, whenever 
he has reason to believe that the driver 
is incompetent to operate motor-vehicles 
or is operating improperly or so as to en- 
danger the public. This great power is 
given to him because of the necessity 
that arises in the interests of public 
safety, to allow him to remove from the 
highways at once a person whose fur- 
ther operation of a vehicle might prove 
dangerous to the public. It is a power 
that is very carefully exercised by the 
registrar and only upon recommenda- 
tion from motor-vehicle inspectors of 
his own department or responsible police 
officials. Moreover, a hearing is imme- 
diately granted upon request to any per- 
son whose license is suspended or re- 
voked, thus allowing him an opportu 
nity to show cause why his license should 
be restored to him, except in those cases 
following court conviction in which the 
registrar has no discretion. No license 


is suspended or revoked upon complaint 
of any person other than the foregoing 
except after a hearing given to the ac- 
cused or after investigation by a motor- 
vehicle inspector. 

Many persons who have been deprived 
of their licenses appear before the reg- 
istrar to present their cases upon purely 
personal grounds, as, for example, that 
they need the licenses in their business. 
This is not sufficient grounds for the 
return of a license. Personal reasons 
cannot be given any considerable weight 
by the registrar, since his duty to act is 
not alone to the individual who has been 
deprived of his license but to the public 
at large, which might be affected as a 
result of operation by the person re- 
questing reinstatement. The vast num- 
ber of people who lawfully use the high- 
ways have rights far outweighing any 
personal interests of the individual. 


Control Procedure for Motor-Trucks 


On account of their great weight and 
size, motor-trucks constitute an excep- 
tional hazard to other users of the 
highways and should, therefore, be oper- 
ated in the most careful manner. Oper- 
ation at speeds that do not permit of 
proper control under the conditions ex- 
isting, especially when children are on 


or near the highway, is a frequent 
cause of serious accidents involving 
trucks. When such operation is accom 


panied by faulty brakes, the act amounts 
to criminal negligence and is generally 
so held by the courts. 

A practice, lately apparently on the 
increase, of transporting picnic parties 
on trucks, resulted in several very seri- 
ous accidents in the summer of 1931. 
This is a dangerous practice which 
should be discontinued, and we should 
do all in our power to discourage it. 
Trucks are not fitted and equipped for 
the safe carriage of passengers, nor do 
they carry the proper insurance to af- 
ford protection to their passengers in 
the event of accident. 

Every part of a truck—the frame, 
springs, powerplant, transmission, rear 
end, axles, steering-gear and brakes— 
is designed by a competent engineer with 
a definite load to be carried as the basis 
of his specifications as to size and 
strength. To the actual requirements, 
he adds a safety factor of a definite 
percentage. Every pound added to the 
weight that the truck was designed to 
carry narrows this margin of safety. 
Therefore the provision against loading 
in excess of the manufacturer’s rating is 
strictly enforced. 

Motorcoach drivers have the respon- 
sibility of all operators of motor-vehi- 
cles to other users of the highways, 
together with their tremendous respon- 
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on this high standard, 
and no person should undertake to drive 
a motorcoach unless he is willing to 
assume this responsibility in full. Op- 
erators should use great care in draw- 
ing up time schedules. Too close a run- 
ning schedule is a constant source of 
anxiety to the driver and, when he is 
delayed by unforeseen circumstances, 
constitutes a temptation to him to take 
chances in traffic. No motorcoach driver 
is ever justified in taking chances with 
the lives or safety of his passengers. 


Periodic Inspection Essential 


Massachusetts is now one of four 
States that has legislation requiring pe- 
riodic inspection of the equipment of all 
motor-vehicles. Just how such legisla- 
tion can be most effectively executed is 
a problem with which we are still wrest- 
ling and which can be successfully solved 
only by careful study illuminated by ex- 
perience. 

Just how important is the inspection 
of equipment and what worthwhile re 
sults can we expect from it? Will such 
inspections reduce accidents? Nobody 
knows just how many accidents are pre- 
vented or avoided by the detection and 
elimination of faulty equipment that 
would not otherwise be corrected. 
Neither do we know how many accidents 
are prevented or avoided by the com- 
pulsory examination of all applicants 
for licenses, but that the number must 
be large will be admitted. 

It is a fact that in Massachusetts, in 
the year 1920, immediately following 
the adoption of a new rule requiring the 
examination of all applicants for li- 
censes, we experienced a 17.3-per cent 
reduction in fatal accidents. We all 
realize that the human factor is of much 
greater importance than the mechanical. 
Nevertheless, our investigations prove 
that defective equipment is a frequent 
cause of accident and one that is com- 
paratively easy of detection and correc 
tion. With the death rate due to the 
motor-vehicle constantly increasing in 
the United States and reaching in 1931 
the staggering total of 35,000 lives, no 
possible procedure that holds hope of 
remedy should be overlooked. Because 
of our continuous efforts to promote 
safety, Massachusetts has one of the 
best accident records of any of the 
States, considering the number of motor- 
vehicles registered and the population. 

Periodic inspections are now on trial 
in Massachusetts and in several other 
States. Probably it will require several 
years to show whether the results ob- 
tained compensate for the trouble and 
expense to which they put the State 
administration and the public; but we 
should not shrink from any effort that 
will aid in protecting human lives. 








News ot the Sections 


AY 4 was a great 
pe day for members 
of the Milwaukee Sec- 
tion, 75 of whom vis- 
isted the Seaman 
Body Corp. plant in 
the afternoon = and 
dined in the evening 
at the Milwaukee 
Athletic Club. An excellent technical 
session followed, at which 150 members 
and guests listened with interest to the 
presentation of four papers on produc- 
tion, engineering and design. At a 
short business session announcement 
was made of the election of Section of- 
ficers for next year as follows: 


Chairman—P. C. Ritchie, Waukesha Mo- 
tor Co. 


Vice-Chairman—P. W. Eells, Le Roi Co. 


Secretary—W. B. Pusey, S K F Industries, 
Inc. 

Treasurer—C. E. Frudden, Allis-Chalmers 
Mfg. Co. 


Body Plant Shows Much Engineering 


The visit to the Seaman plant in-' 


cluded inspection of the woodworking 
shop, where the impregnation of each 
part with Tri-Treat proved of great in- 
terest, this method of “vaccination” to 
assure longer life being a recent de- 
velopment; the steel-drawing depart- 
ment, where large and small presses 
were in operation and the method of 
rapid handling of the numerous dies 
was observed with interest; the weld- 
ing department, where gas and electric 
spot, flash-butt, arc and gun methods 
are employed; the progressive-assem- 
bling department; and the finishing de- 
partment, where gun-spraying of paint 
and modern methods of striping reduce 
the finishing time from weeks to hours 
compared with the original painting 
practices in the industry. 

The plant structures have a floor area 
of 1,500,000 sq. ft. and the corporation 
normally employs 6000 persons. The 
latest equipment is installed and the 
methods used in assembling 1400 parts 
into an automobile body in the shortest 
time reveal the amount of engineering 
that is necessary in this branch of the 
automobile industry. The finished 
product, though made up of many indi- 
vidual pieces, comes off the line with 
the appearance of a single sheet of 
material. 


Body Production and Car Design 


At the technical session, H. H. Sea- 
man, president of the corporation, con- 
trasted modern body-building methods 
with those of the early days, saying 
that certain labor operations have been 
reduced in cost from $4 to 1% cents 
and that now the total labor cost per 
body is from $30 to $50. according to 
the size and model of the body. Use 
of “high solid lacauer” in spray guns 
has reduced the finishing time from 
three or four weeks to a matter of 
hours. Notable progress is repre- 
sented, he said, in the corporation’s 
composite wood and steel bodies in 


See Bodies in the Making 


Milwaukeeans Visit Seaman Plant and Dine and 


Hear Four Papers 


which the wood is treated with a pre- 
servative. Incorporated in a body are 
200 wood parts on which an average of 
10 operations are required, and each 
steel part requires from 30 to 40 opera- 
tions. 

The Trend in Automobile Designing 
was the title of a paper given by C. H. 
Bliss, vice-president and sales director 
of the Nash Motors Co., who said he 
was anxious to impress those present 
with the several developments in the 
new Nash cars that are the result of 
“that designer known as Public Opia- 
ion.” Major factors today, he said, are 
appearance, comfort, durability and 
price. Style changes surpass in rapid- 
ity those in the millinery trade and 
have resulted in 27 models with 168,000 
possible combinations of bodies, finish, 
hardware and upholstery, according to 
Mr. Bliss. This fact complicates pro- 
duction problems and causes delays in 
filling specific orders, with a conse- 
quent slowing up all along the line. 

Higher driving speeds have necessi- 
tated the angular windshield, the V- 


radiator and lower 
bodies. Other results 
of current public de- 
mand, continued the 
speaker, are the ride 
control, the X-frame, 
body insulation, cen- 
tral chassis lubrica- 
tion,centrifuge 
brakes, aluminum pistons and connect- 
ing-rods and free-wheeling. 

Meade F,. Moore, chief engineer of 
the Racine division of the company, 
pointed out some of the highlights of 
the present series of Nash cars, such 
as the advantages of the dual frame, 
twin ignition, alloy pistons and connect- 
ing-rods and worm drive. The lubrica- 
tion system of the worm drive, he said, 
necessitates a close-mouthed cartridge- 
type unit for maintaining the oil film. 
Through the use of light-weight pistons 
and rods, a reduction of 40 deg. fahr. 
in oil temperature has been obtained in 
certain tests. Twin ignition is more 
advantageous in the overhead valve en- 
gine than in the L-head type, said Mr. 
Moore; the two spark-plugs in a cylin- 
der are not always fired simultaneously 
and the correct amount of lag in each 
is a matter of experimentation with dif- 
ferent designs of engine. 

Among those who took part in dis- 
cussion on the papers were J. ‘ 
Frantz, R. I. Dick, P. C. Ritchie, C. E. 
Frudden and J. B. Armitage. 


“Ket” Appeals to Engineers 


Tells the Detroit Section That They Can Get America 
Out of the Depression 


NE of Detroit Section’s largest local 

gatherings turned out on the night 
of May 9 to hear C. F. Kettering give 
one of his characteristic entertaining 
talks. His topic was Engineers Have 
Lots To Do, and those who have read 
recent articles by Mr. Kettering in the 
Saturday Evening Post on the part 
that researeh and engineering can and 
should do to get the Country out of 
the depression can imagine something 
of the burden of his address to the 
Section. 

Attendance at the members’ dinner at 
the Book-Cadillac numbered 378, and 
72 came later to enjoy “Ket’s’” humor 
and serious commentaries. The Detroit 
Section’s High Hats provided musical 
entertainment for the occasion. 

Officers of the Section for the admin- 
istrative year 1932-1933 were elected at 
a short business session. They are: 

Chairman—E. _ V. 
Motors Corp. 

Vice-Chairman representing Aeronautics— 
Ralph N. Du _ Bois, Continental Aircraft 
Engine Co. 

Vice-Chairman representing Bodies—John 


W. Votypka, LeBaron-Detroit Co. 
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Rippingille, General 


Vice-Chaitman _ representing 
Cars—George B. Allen, Dodge 
Corp. 

Vice-Chairman representing Student Ac- 
tivities—Harry T. Woolson, Chrysler Corp. 

Secretary—Vincent P. Rumely, Hudson 
Motor Car Co. 

Treasurer—Ferdinand W. Marschner, New 
Departure Mfg. Co. 


Passenger 
Brothers 


Engineers Can Correct Our IIls 


Mr. Kettering emphasized particu- 
larly his firm conviction that engineers, 
with their exact type of reasoning, are 
the men who are most capable to cor- 
rect the economic evils that are respon- 
sible for depressed conditions of busi- 
ness. He said that the causes for our 
present ills are many and each cause 
has its coterie of exponents, one particu- 
larly strong group believing that over- 
mechanization is the sole cause of a 
business depression such as we are ex- 
periencing at present. If over-mech- 
anization is the cause, he asked, how 
can we account for the troubles in 
Spain and India, which are not in any 
way industrial countries? 

During the World War we developed 
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many new things for use in the war, 
and the tempo that was then set was 
full speed ahead. This tempo was not 
normal and it continued too long, as- 
serted the speaker. Following the war, 
new industries were developed and su- 
per-exploitation and inflation carried 
the economic situation beyond the elas- 
tic limit. Mr. Kettering decried the ten- 
dency toward super-exploitation, which 
he defined as overdoing the same kind 
of thing. He illustrated this by calling 
attention to the common philosophy 
that, if one skyscraper or one gigantic 
hotel is a good thing, a whole lot of 
these same things will be so much the 
better. The result of this, of course, is 
over-expansion and resultant diminish- 
ing of returns. “Don’t try to run the 
world too far in advance,” he cautioned. 

Drawing a similarity between eco- 
nomic conditions and chemical phe- 
nomena, Mr. Kettering mentioned the 
existence of optimums in solutions; for 
example, certain chemical combinations 
will progress to a certain optimum 
point, after which a continuance of the 
causes of the phenomena will bring 
about a diminishing rather than an 
ever-increasing result. People are not 
conscious of these optimums in busi- 
ness; they think that, if 1 tower is good, 
10 will be 10 times as good. 


Over-Exploitation to Blame 


Continuing, Mr. Kettering said that 
the engineer is iw no sense responsible 
for present conditions but that over- 
exploitation rather than over-mechan- 
ization is to blame. 

New things are needed. New side- 
lines should be developed. Dunlop must 
have been a brave man to have dared to 
equip a vehicle with rubber tires, thinks 
“Ket,” when it was already known that 
nothing but steel could serve the pur- 
pose. Many new things have been de 
veloped because the inventor did not 
know that there was no chance of suc- 
ceeding. Many people feel that they can 
pull out a slide rule, give it a couple of 
slips and the answer is “No.” If there 
is any place where nothing can be done, 
it is that place where everything has 
been reduced to a certainty and the 
formulas have all been written. 

Other characteristic statements made 
by the speaker were as follows: 


There are great possibilities for artificial 
rubber. When nature made rubber trees, 
she didn’t have the ballon tire in mind. 

Rubber, petroleum and steel are the three 
important fundamental elements of indus- 
trial progress. Development in these mate- 
rials has a great distance to go. 

Engines today are not very efficient. There 
is enough energy in a gallon of gasoline to 
drive from Detroit to St. Louis. 

As in the industries of electric lighting 
and telephony, the greatest progress has 
come in many lines during the second 25 
vears of the industry. 


Mr. Kettering stated that he does not 
believe in any standards that can deter 
progress and new development. He sa‘d 
that he would sooner trust our economic 
problems of today to a bunch of engi- 
neers than to our present Congress. He 
defined “status quo” in the words of the 
colored preacher whose definition was 
“the mess we’re in.” 
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Research Work at Purdue 
Observed by Indianans 


NDIANA Section’s April meeting 

was a field day at Purdue University 
in West Lafayette, Ind., on the 21st. 
Seventy members and their guests 
spent the afternoon visiting the labora- 
tories of the university under guidance 
of the engineering staff and observing 
research work that is under way in the 
automotive, electrical, chemical and 
mechanical laboratories. After this in- 
teresting inspection, dinner was served 
to a party of 80, and in the evening 
seven brief papers prepared by students 
were delivered at the technical session, 
which was attended by 120. This par- 
ticipation by students in a regular Sec- 
tion meeting establishes a record in the 
Society, in the opinion of Prof. H. M. 
Jacklin, Chairman of the Indiana Sec 
tion. 

A. A. Potter, dean of engineering at 
the university, presented the opening 
paper at the session, entitled The Place 
of Research in Colleges. This was fol- 
lowed by the student papers in the fol- 
lowing order, each being presented by 
the author first named. 


Effects of Cooling Pistons, by C. R. Potter 
and R. G. Hummer 

4 New Type of Torsiograph, by L. S. 
LaGros and J. M. Hildabolt 

Tests of Fuels. by A. E. 
Bennett 

Testing a Tractor and a Truck. by Lieut. 
C. B. Magruder, Field Artillery, U.S.A. 

Moments of Inertia and Radii of Gyra 
tions of Automobiles, by R. M. Blackburn 
and R. E. Woodburn 

Forces and Frequencies of Vibration in 
Three Directions, by T. A. Askern and H. 
C. Wheaton 

The Shake Table and Its Effects on Hu- 


man Beings, by S. Liddell 


Weaver and M. 


Pittsburgh Season Ends in Frolic 


YOURING rain failed to dampen the 
ardor of 75 members of the Pitts- 
burgh Section who got together for din- 
ner and 11 late arrivals for the third 
annual frolic of the Section at the Fort 
Pitt Hotel on May 10. After a brief 
business session following the dinner, 
the evening was given over to enter- 
tainment by a humorist and to profes- 
sional dancing. 

At the business meeting, retiring 
Chairman B. H. Eaton reviewed very 
briefly the eight monthly meetings held 
by the Section in the season that just 
ended, mentioning the subjects and the 
speakers at each meeting. The election 
of the following officers for the 1932- 
1933 season was then announced: 

Chairman—Charles R. Noll, Gulf Refining 
Co. 

Vice-Chairman—Murray Fahnestock, Ford 
Deale r & Service Field. 

Secretary—Charles F. Kels. West Penn 
Power Co. 

Robert N. 


Treasure! Austen. Iron City 


Spring Co 


The newly elected Chairman then 
took the chair upon invitation from 
Chairman Eaton, and Mr. Noll intro- 


duced John Orr. Section Chairman dur- 
ing the 1930-1931 season. who presented 
to Mr. Eaton, on behalf of the mem- 


bers, a little token to remind him that 


his efforts in the interests of the Sec- 
tion through the last season were 
greatly appreciated. 

Chairman Noll introduced Dr. Hugh 
Crockeau as the loud-speaker of the 
evening, whose topic was What’s Wrong 
with Service—and with Everything 
Else? Dr. Crockeau explained how to 
take a hill on high without shifting 
one’s gears, and many other inaccu 
racies of the formula p «x q ud. Dis- 
cussion became animated, with 
not more than four men talking at 
once. When finally unwigged, the 
speaker was revealed as a well-known 
humorist. 

Door prizes that were then awarded 
proved a more profitable form of spec- 
ulation than dabbling in the Stock Ex- 
change. 

Peppy acrobatic and Apache dancing 
followed, illustrating the difference be- 
tween static and dynamic balancing. 
The general hilarity made the introduc- 
tion of a troupe of dancing and singing 
girls difficult and they soon realized the 
truth of the saying that “it’s a wise 
girl who is seen and not heard.” 

Motion pictures showing the activi- 
ties at last year’s Summer Meeting 
were run off, Chairman Eaton explain- 
ing the advantages of attending the 
meeting this month and telling of the 
good times enjoyed by the Pittsburgh 
members who attended last year, sev 
eral of whom were recognized in the 
pictures. 


soon 


Chicago Section and Aeronautical 
Chamber Joint Meeting 


T WO excellent aircraft addresses 

were given before an audience of 
nearly 100 at the May 3 meeting of 
the Chicago Section, which was held 
jointly with the Aeronautical Chamber 
of Commerce of America. The speakers 
were L. D. Seymour, vice-president of 
the United Air Lines; and V. R. Jacobs, 
of the Goodyear Tire & Rubber Co. 
and the Goodyear-Zeppelin Corp. 

The technical session followed a mem- 
bers’ dinner attended by 57 members 
and guests, at which entertainment was 
provided. At a business session of the 
Section the tellers of election reported 
the election of officers for next year as 
follows: 


Chairman—L. V. Newton. Byllesby Eng 
neering & Management Corp. 

Vice-Chairman Harold 
Beck Co. 

Secretary 
(Indiana) 


l 
Nutt. Borg & 
R. E. Wilkin. Standard Oil Co. 


Harry F. 


Treasure 
Harvester Co. 


Bryan. International 


An Engineering Industry 


Mr. Seymour, in his paper. referred 
to the contributions of both the Aero- 
nautical Chamber and the Society to 
the advancement of the science of aero- 
nautics and stated that this generous 
and essential contribution must continue 
if the industry is to advance as rapidly 
in the future as it has in the past. 
Aviation is an engineering industry, he 
said; few fundamental principles other 
than those embodied in the Wright air- 
plane flown at Kitty Hawk. N. C., in 
1903 have been added to our knowledge 
of heavier-than-air flying. the improved 
capabilities of present airp'anes being 























































































due almost entirely to painstaking en- 
gineering study, scientific research and 
the application of many standards and 
recommended practices of the Society. 

Mr. Seymour particularly emphasized 
the continuous efforts of the Society in 
disseminating the best of that which is 
learned for the benefit of all. The air- 
plane builder has benefited from the 
engineering talent of the great auto- 
motive commercial organizations that 
have contributed such items as starters, 
generators, ignition, instruments, 
wheels, tires, brakes and even proc- 
esses for treatment of materials. 

Because of small sales of airplanes 
to the public and the relatively high 
cost of the craft, the speaker pointed 
out that the cost of scientific research 
that is necessary to continued develop- 
ment must continue to be borne in part 
by the Government as it has under the 
five-year procurement program, now 
coming to a close. 

Mr. Jacobs covered in a most inter- 
esting talk the field of activity of both 
heavier-than-air and _ lighter-than-air 
craft, and at the conclusion of his 
lively address received the greatest out- 
burst of applause ever given at a 
Chicago Section meeting. Owing to the 
length of the address, which covered the 
subject thoroughly, the usual discus- 
sion was dispensed with. 

A pleasing and very timely feature 
was the showing of motion pictures of 
the U. S. S. Akron, which was being 
prepared at Lakehurst, N. J., for its 
flight to the Pacific Coast. 


Syracusans Turn to Water Sports 
\ OTORBOATS and fly-rod making 


4 occupied the thoughts of members 
of the Syracuse Section at the monthly 
meeting on May 17, when 33 members 
gathered in the Hotel Syracuse to hear 
and discuss two papers on these sub- 
jects. 

Volney E. Lacy, designing engineer 
of the Rochester Boat Corp., of Roches- 
ter, gave a paper on the topic, Recent 
Developments in the Design of Small 
Boats and Marine Engines; and George 
F. McDuffee, president of the Fred D. 
Divine Co., of Utica, N. Y., spoke on 
The Art of Fly-Rod Making. 

Prior to presentation of the papers, 
officers of the Section for the coming 
administrative year were unanimously 
elected as follows: 

Chairman—L. W. Moulton. production en- 
gineer, Manufacturers Consulting Engineers. 

Vice-Chairman—Carl T. Doman, research 
engineer, H. H. Franklin Mfg. Co. 

Secretary—Richard M. Wright, assistant 
manager, Hubert J. Wright. Inc. 

Treasurer—Melville R. Potter. 
manager, Allen Cadillac Corp. 


service 


Electrical Session at St. Louis 


TI*‘HE April meeting of the St. Louis 

Section was held jointly with the 
Electrical Board of Trade on April 27 
at the Hotel Statler and was attended 
by 325 members and guests of the two 
organizations. The speaker of the even- 
ing was Dr. Phillips Thomas, of the 
Westinghouse Electric & Mfg. Co., who 
presented an interesting address and 
demonstration on Electrons at Work 
and Play. 


NEWS OF THE SECTIONS 
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Fechet Says More Power Is Needed 


Tells Met Section and A. C. A. A. That Liquid-Cooled 


Aviation Engines Are Required 


Vv AJOR-GEN. JAMES E. FECHET, 
i former chief of the Army Air 
Corps, was the major attraction at the 
joint meeting of the Metropolitan Sec- 
tion and the Aeronautical Chamber of 
Commerce of America on May 19. The 
second speaker was John 3S. Allard, 
vice-president of the Curtiss-Wright 
Corp. The meeting, which was held as 
usual at the A. W. A. Clubhouse in 
New York City, was attended by 118 
members of the two organizations and 
their guests and followed a dinner at 
which 73 were present. At a brief 
business session the election of the fol- 
lowing officers for 1932-1933 was an- 
nounced: 

Chairman—F. H. Dutcher, instructor in 
mechanical engineering, Columbia University 

Vice-Chairman—A. F. Coleman, manager, 
motor-vehicle department, Standard Oil Co. 

Vice-Chairman for Aeronautics—F. C. 
Mock, research engineer, Bendix Research 
Corp. 

Vice-Chairman for Marine Division—Wil- 
liam E. John, manager, New York City of- 
fice, Sterling Engine Co. 

Secretary—J. Edward Schipper, Sutton & 
Schipper 

Treasurer—C. H. Baxley, mechanical en- 
gineer, Vacuum Oil Co. 


Some Needed Powerplant Developments 


General Fechet told his audience that 
while several foreign countries have 
more military airplanes than the com- 
bined air services of this Country, the 
British Alert single-seat pursuit plane 
is the only foreign type that is re- 
ported as being superior in performance 
to the corresponding type in the Army 
Air Corps, but, considering all condi- 
tions of military operations, the Ameri- 
can pursuit classification as a whole has 
the best performing airplanes in the 
world. However, to maintain our su- 
periority and obtain a margin of in- 
creased performance, the aircraft in- 
dustry must provide improved power- 
plants of greater output. This applies 
both to military aviation and to com- 
mercial aviation, which cannot hope to 
establish itself on a sound financial 
basis without engines of greater power, 
said General Fechet. 

The industry should realize the im- 
portance of furthering the development 
of liquid-cooled engines; the Army and 
the Navy should have liquid-cooled en- 
gines that are as reliable as present 
air-cooled engines, and this is entirely 
possible. The many refinements in the 
airplane structure proper in the last 
two years have contributed from 20 to 
25 per cent of the great increase in 
speed of the heavier types of military 
craft, and the rest of the increase is 
the result of powerplant improvements. 
However, the problem of the immediate 
future is the providing of reliable en- 
gines capable of developing from 600 to 
1000 hp. at all altitudes up to 30,000 ft.. 
which will fit into the various types of 
airplane having extremely high speed 
and capable of still greater increases. 


The liquid-cooled engine, continued the 
speaker, must be considered, since the 
V-engine plus radiator offers less re- 
sistance than the air-cooled type and 
should lend itself to power increases 
more readily than the radial type. 


Supercharging and Other Require- 
ments 


With the available special fuels and 
an engine designed for use of high-tem- 
perature liquid coolants, the combination 
of two stages of supercharging is be- 
lieved possible. The pilot should be 
able to use the geared-type super- 
charger for ground boosting and cut in 
the exhaust-driven type for flying at 
great altitudes. Forceful realization 
has come to the Air Corps within the 
last few months that the exhaust-gas- 
driven supercharger is thoroughly prac- 
tical and a most efficient means of in- 
creasing power at all altitudes. 

Provision for reduction gears of 
various ratios for all engines should be 
made available to military-airplane 
constructors, asserted General Fechet, 
as the fact has been definitely proved 
that reduction gearing increases the 
speed by 6 to 12 m.p.h., and this is in- 
creasingly important at great altitudes. 

A third requirement of extreme im- 
portance is the controllable-pitch pro- 
peller, as the problem of getting heavy 
planes off the ground with full load is 
great. 

Elimination of the carbureter and 
adaptation of fuel injection also must 
be taken into consideration by the manu- 
facturers of both air-cooled and liquid- 
cooled engines, according to General 
Fechet, and the ignition system must 
be reconsidered carefully because the 
supercharger introduces new problems. 
Radio equipment should be installed in 
both military and commercial craft, and 
this necessitates shielding, generators 
and other apparatus. Fuel systems, 
control of oil temperature, radiators, 
engine mounts and vibration reduction 
are other items that need study. 


Allard Discusses Aviation 


Aviation and Its Relation to En- 
gineering was the topic on which Mr. 
Allard spoke. He reviewed the mar- 
keting problems for airplanes and said 
that two phases of aviation which he 
thinks assure its future and point to 
the necessity for continued exhaustive 
research and development are National 
defence and transportation. The con- 
dition now faced by the industry is not 
unlike that of 15 years ago, when ap- 
propriations for the Army and the 
Navy were needed for engineering and 
procurement programs. Progress in 
air transportation, said Mr. Allard, has 
been due to the engineering develop- 
ment of aircraft and engines and to 
support by the Post Office Department 
through its mail contracts. In 1931 the 
transport lines flew a total of 47,000,000 
miles and carried 522.000 passengers 
and 9,640,000 lb. of mail; and these fig- 
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ures are being increased almost daily 
in astonishing amounts. 

Figures were given to show that, 
with the ending on June 30, this year, 
of the five-year Army procurement 
program, the Army has only three- 
quarters of the number of planes 
needed to maintain the number of ser- 
viceable planes called for by Congres- 
sional Act. And at present the Coun- 
try stands in fifth place among the air 
forces of the world. In view of the 
facts, the speaker appealed to his 
hearers to insist actively that Congress 
take the necessary steps to assure the 
carrying on of aviation development 
and the building up of one of the most 
important arms of our National de- 
fence. 


Aircraft and Truck Maintenance 
Discussed at Los Angeles 


NE hundred members and guests of 

the Southern California Section 
assembled at the Engineers Club in 
Los Angeles on May 20 for the Sec- 
tion’s maintenance meeting. The mem- 
bers’ dinner and accompanying enter- 
tainment, provided through the cour- 
tesy of the Gilmore Oil Co. and the 
Electric & Carburetor Engineering Co., 
was attended by 76, and 24 more came 
later to hear the papers presented and 
discussed. 

The first paper, on Aircraft-Engine 
Maintenance, was prepared jointly by 
W. E. Thomas, president and general 
manager of the Pacific Airmotive Corp., 
and Roy Kidd, foreman of the same 
company. 

Edwin C. Wood, superintendent of 
transportation for the Pacific Gas & 
Electric Co., of San Francisco, pre- 
sented his paper on Fleet Maintenance, 
in which he urged closer cooperation 
between the vehicle manufacturers and 
the maintenance men in the field. 

Those who took prominent parts in 
the discussion were Stanley S. LaSha, 
of the western office of the Aeronautics 
Bureau of the Department of Com- 
merce; E. Favary, consulting automo- 
tive engineer in Los Angeles; E. E. 
Tattersfield, president of the Electric & 
Carburetor Engineering Co.; and Van 
W. Dennis, superintendent of transpor- 
tation for the Pacific Telephone & Tele- 
graph Co., at Sacramento. 


Boat Speed of 150 M.P.H. Possi- 
ble, Canadians Are Told 


PEED boats could be built to attain 

a speed of about 150 m.p.h., in the 
belief of H. Ditchburn, president of 
Ditchburn Boats, Ltd., of Gravenhurst, 
Ont., internationally known designer 
and builder of speed craft, who was the 
principal speaker at the last regular 
meeting of the Canadian Section for the 
season. At any higher speed, it will be 
next to impossible for either the boat 
or the driver to stand the terrific pun- 
ishment, the speaker said. 

In the course of his address, Mr. 
Ditchburn traced the changing trend 
in speed-boat design during the last 25 
years and showed two reels of motion- 
pictures of the development of speed- 
boat design and construction at Graven- 
hurst. 
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Dr. Hall, of the Ontario Research 
Foundation for the Automobile Stand- 
ards Association, was introduced to the 
gathering of about 60 members of the 
Section who were present at the meet- 
ing, which was held at the Royal York 
Hotel on May 18. He spoke of the 
work of the Foundation in the direction 
of automotive research, particularly 
with respect to the testing of automo- 
bile-trim materials for fastness of 
colors. 

Officers elected for the 1932-1933 Sec- 
tion year, as announced, are: 

Chairman—Alexander N. Bentley, man- 
ager, Exide Batteries of Canada, Ltd. 

Vice-Chairman—John L. Stewart 

Secretary—Warren B. Hastings, manager, 
Canadian Motorist, re-elected 

Treasurer—Marcus L. Brown, Jr., factory 
manager, Seiberling Rubber Co. of Can- 
ada, Ltd. 

Retiring Chairman George W. Gar- 
ner, who presided, reported that the 
Section stood in third place in percent- 
age of quota in the Get-Your-Man cam- 
paign, having risen from sixth place 
since the April meeting. He expressed 
the hope that it would lead all the Sec- 
tions when the Canadian Section re- 
assembles next autumn. 

The members voted to hold their 
usual summer golf meeting some time 
in July. 


Ohio Student Branch Meets 


HE §S.A.E. Student Branch at Ohio 

State University held a meeting on 
May 13 to which members of the So- 
ciety living in Columbus, Ohio, and the 
vicinity were invited. The forenoon 
was devoted to continuous demonstra- 
tion of all equipment in the Engineering 
College, including automotive, aeronau- 
tic, electric and mechanical. From 1 
to 8:30 p. m., demonstrations of the 
Cooperative Fuel-Research engine were 
given by K. T. Winslow, of the Wau- 
kesha Motor Co. 

At a banquet at the Faculty Club, 
with John Younger, professor of indus- 
trial engineering at the university, act- 
ing as toastmaster, A. J. Scaife, of the 
White Motor Co. and President of the 
Society, was the speaker. 

Officers of the Student Branch for 
next year were elected at a meeting on 
April 26, as follows: 

Chairman—Henry P. Dudzin 

Vice-Chairman—Charles Manney 

Secretary and Treasurer—Don F. Mar- 
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Baltimore Section 
Meeting 


Aeronautic 


HE curtain was lowered on Balti- 

more Section’s meeting activities of 
the season with an unusually interest- 
ing aeronautic program at the Emerson 
Hotel on May 12. Nearly 100 persons 
were present to view the photographs 
displayed on the screen and motion-pic- 
tures of the giant airship Dornier Do-X, 
shown after the members’ dinner, which 
was attended by 84 members and guests. 

Aeronautics Chairman Charles 
Froesch introduced the two speakers, 
Commander Clarence H. Schildhauer 
and Frederick R. Neely, and conducted 
the evening’s session. Commander 
Schildhauer spoke on the Aspects of 


Commercial Transatlantic Flying and 
told of the proposed routes that are 
most navigable at this time. Mr. Neely 
briefly outlined the activities of the 
Aeronautics Division of the Depart- 
ment of Commerce and presented many 
interesting points upon which he devel- 
oped his theme on Commercial Air 
Transportation in the United States. 

Section officers elected for 1932-1933 
were: 

Chairman—John A. White, branch man- 
ager, Mack-International Motor Truck Corp. 

Vice-Chairman—Carlton A. Guenther, 
general manager, Jacobs Transfer Co. 

Secretary—Espy W. H. Williams, statis- 
tician, Automotive Trades Alliance, re- 
elected. 

Treasurer—Laurance F. Magness, presi- 
dent, Hercules Power Gasoline Co., re- 
elected. 


Tire and Rubber Developments 
Reviewed at Cleveland 


! EMBERS and guests of the Cleve- 
4 land Section gathered in Akron, 
Ohio, on May 9 for a golf game at the 
Firestone Country Club, where the 30 
players were guests of the club; a visit 
by 35 members to the main plant of the 
B. F. Goodrich Co.; a dinner in the of- 
fice dining room of the Goodyear Tire 
& Rubber Co., attended by 160; and a 
technical session in the Goodyear Thea- 
ter, as which 200 were present to hear 
and discuss three papers. 

In the golf game, Joe Shea regained 
his crown as Section champion by mak- 
ing low gross score. At the Goodyear 
plant the manufacture of tires was ob- 
served and the visitors were especially 
interested in the conveyor systems and 
other production methods. 

At the business meeting of the Sec- 
tion the result of the election of officers 
for next year was announced as fol- 
lows: 

Chairman—T. W. 
Engineering Co. 

Vice-Chairman—W.  S. 
Motor Co. 

Secretary—W. G. 
Railway Co. 

Treasurer—T. R. Stenberg, Firestone Tire 


& Rubber Co. 


Kemble, Pennington 
Howard, White 


Piwonka, Cleveland 


Results of Rubber Research 


Dr. J. W. Schade, director of research 
for the Goodrich company, presented 
the first paper, under the title, New 
Applications of Rubber from a Research 
Viewpoint. He cited numerous new 
uses of rubber that have been made pos- 
sible by new knowledge of the proper- 
ties of rubber and of various compounds 
with other ingredients. These include 
milking machines, rubber-lined contain- 
ers for corrosive liquids such as muri- 
atic acid, conveyor belts that withstand 
the deleterious effects of oxidation and 
decomposition at the high temperature 
of freshly quenched coke, and the com- 
bination of rubber with other materials 
such as metal, wood, textiles, glass and 
concrete. 

While some of the properties of rub- 
ber are well known to those seeking a 
material to accomplish certain ends, a 
lack of adequate appreciation of the 
fact that compositions of definite prop- 
erties are designed to suit particular 

(Concluded on p. 26) 
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Willys Resumes Willys-Overland 
Control 


Feeling again the challenge to his 
well-known fighting spirit occasioned 
by present adverse industrial condi- 
tions, John N. Willys, after arranging 
with President Hoover to accept his 
resignation as United States Ambas- 
sador to Poland after completing his 
work sometime in June, was reelected 
chairman of the board of directors of 
the Willys-Overland Co., in Toledo, 
Ohio, and is again in active control 
of the affairs of the company, both 
through his reelection and his owner- 
ship of preferred stock. As in the 
past, he will concentrate his attention 
on the financial side of the business. 
At the stockholders’ meeting on April 
26, the directorate of 11 members was 
reelected and all officers were retained. 

When Mr. Willys made his address 
at the Annual Dinner of the Society 
last January, those who knew the his- 
tory of the man and sensed the feeling 
of nostalgia in his remarks, anticipated 
that no great time would elapse before 
he got into the economic fray in the 
automobile industry again. They 
remembered how, in the pioneer days 
of the industry, he bought the Toledo 
Automobile Co., then building the To- 
ledo steam car, and on a “shoestring” 
organized the Willys-Overland Auto- 
mobile Co. Also, the way in which he 
pulled the company through a crucial 
financial period during the depression 
period following the Armistice was re- 
called. 

At the age of 17 Mr. Willys started 
his business career in a bicycle shop 
in Canandaigua, N. Y., his native town, 
in 1890, later moving the business to 
Elmira, N. Y., where he organized the 
Elmira Arms Co. 

When the old Toledo Automobile Co. 
was about ready to pass out of the 
picture with the decline of the steam 
cars and the gasoline automobile was 
struggling for premier position against 
steam and electric vehicles, Mr. Willys 
teok it over with a courage out of all 
proportion to his resources and in the 
course of years built up one of the 
largest enterprises in the automobile 
field. 

From the time of his election to 
Associate membership in the Society in 
1911, at which time he was president 
of the Willys-Overland Co., until 1930, 
he remained in active charge of the 
business. He was then elected chair- 
man of the board of directors but re- 
signed this position about a year ago, 
having been appointed Ambassador to 
Poland in March, 1930. 


Cierva Awarded Guggenheim 


Medal 


The Daniel Guggenheim gold medal 
for 1932 has been awarded to Juan de 
la Cierva for his development of the 
theory and practice of the Autogiro. 
The award was made by a board of 
eight members in the United States 


and seven foreign members, the coun- 
tries represented being the United 
States, Canada, England, France, Ger- 
many, Holland, Italy and Japan. 

The medal, established in 1928 by 
the Daniel Guggenheim Fund for the 
Promotion of Aeronautics, is sponsored 
jointly by the Society of Automotive 
Engineers and the American Society 
of Mechanical Engineers, each of 
which appoints four members of the 
board of award. Admiral H. I. Cone, 
Commissioner of the United States 
Shipping Board, was president of the 
1931-1932 board which awarded the 
medal to Senor Cierva. At the recent 
annual meeting of the Fund, Capt. 
Emory S. Land, U.S.N., was elected 
president for 1932-1933, and Major E. 
E. Aldrin, of the aviation department 
of the Standard Oil Co., was elected 
vice-president. Admiral Cone, Captain 
Land and Major Aldrin are members 
of the S.A.E. 

Medals have been awarded previously 
by the Fund to Orville Wright, Ludwig 
Prandtl of Germany and Frederick 
William Lanchester of England. Sefior 
Cierva is a native of Spain. 


Radford J. Berky is now serving the 
Chance Vought Corp., of East Hart- 
ford Conn., as draftsman. He was for- 
merly connected in the same capacity 
with the Curtis Aeroplane & Motor 
Corp., in Buffalo. 


Edward C. Blackman has been ap- 
pointed sales engineer with the Kop- 
pers Products Co., of Kearny, N. J. 
Previously he was assistant manager 
of the service-station department of 
the Richfield Oil Corp. of New York. 


Claude S. Cawthorn has joined the 
firm of Bennet & Elliott, Ltd., of To- 
ronto, Canada, to promote the sale of 
garage and repairshop equipment and 
assist in shop problems. His former 
connection was with Cutten & Foster, 
also of Toronto, as equipment manager. 


C. T. Coleman has relinquished his 
position as manager of the commercial- 
car division of the General Motors Ex- 
port Co., of New York City, and is now 
an independent consulting engineer in 
Clarksburg, W. Va. 


E. L. Cord, president of the Cord 
Corp., of Chicago, was elected a direc- 
tor of the Aviation Corp. of Delaware 
at the annual meeting of stockholders 
in Wilmington on April 29. Nineteen 
directors were relected for terms of 
three years. 


Thomas H. Corpe, who has _ been 
directing special advertising work in 
Canada for the Fisher Body Corp., 
has been appointed advertising man- 
ager of General Motors Products of 
Canada, Ltd., at Oshawa, Ont. 


Howard Dingle. president of the 
Cleveland Worm & Gear Co., has been 
elected president of the Farval Corp., 
of Cleveland, which was formed recent- 
ly for the manufacture and sale of the 
Farval centralized system of lubrica- 
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tion formerly manufactured by Lu- 
brication Devices, Inc., of Battle Creek, 
Mich., the rights to which have been 
acquired by the new company. 


Nicholas Dreystadt has been ad- 
vanced from the position of parts and 
service manager of the Cadillac Motor 
Car Co., of Detroit, to that of works 
manager. 


Alvin H. Gossard, who was vice- 
president in charge of automotive and 
other transportation of the Middle 
West Utilities Co., of Chicago, is now 
superintendent of delivery and trans- 
portation of the Southern United Ice 
Co., of Jackson, Miss. 


George A. Green has been advanced 
from the position of vice-president in 
charge of engineering of the General 
Motors Trucks Co., of Pontiac, Mich., 
to that of vice-president in charge of 
operations. Besides having charge of 
manufacturing operations, he will re- 


main in charge of engineering work of 
the company. 


R. E. W. Harrison has resigned as 
sales engineering director of the Cin- 
cinnati Milling Machine & Cincinnati 
Grinders, Inc. He had been with the 
Cincinnati Milling Machine Co. since 
1926, at which time he joined the or- 
ganization as chief engineer and direc- 
tor of Cincinnati Grinders, Inc. Mr. 
Harrison’s second year in office as 
Chairman of the Cincinnati Section of 
the American Society of Mechanica! 
Engineers has just terminated but he 
will continue as Secretary-member of 
the Executive Committee of the Ma- 
chine-Shop Practice Division of the 
A.S.M.E., and his other activities in 
connection with engineering standard- 
ization projects will be continued. 


R. R. Higginbotham has formed a 
connection with the Chance Vought 
Corp., of East Hartford, Conn., as aero- 
nautic engineer. His previous connec- 
tion was with the Stearman Aircraft 
Co., of Wichita, Kan., as project engi- 
neer. 


Edward H. Kocher, formerly treas- 
urer and general manager of the Bijur 
Lubricating Corp., of Long Island City, 
N. Y., was recently elected president 
and general manager of the corpora- 
tion. He had been associated with the 
late Joseph Bijur in all of his busi- 
ness enterprises for the last 26 years.. 


John G. Lee, who was project engi- 
neer with the American Airplane & En- 
gine Corp., of Farmingdale, N. Y., is 
now associated in the same capacity 


with the Chance Vought Corp., of East 
Hartford, Conn. 


W. Laurence Le Page, vice-president 
of the Kellett Aircraft Corp., of Phil- 
adelphia, and Chairman of the Phila- 
delphia Section, was recently appointed 
by the Franklin Institute of Pennsyl- 
vania as a member of its committee 
on sciences and art. The function of 
the committee is to recommend persons 
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News of the Sections 


kinds of service still exists. Knowledge 
of what is desired and how to select the 
best compositions and combine them 
with other materials should point the 
way to wider applications, said Dr. 
Schade. Often the required knowledge 
is not available, and then careful re- 
search is necessary and experimental 
work must be planned and executed to 
yield data on which further progress 
can safely be based. Systematic study 
has been extremely fruitful in improve- 
ment of quality, and, as the investiga- 
tions are extended, new and broader 
fields of usefulness of rubber will be 
found. The rubber manufacturer, how- 
ever, needs to know the particular re- 
quirements of inventors, designers and 
engineers who want to accomplish spe- 
cific results that rubber may produce. 


Tire Rims and Air Wheels 


A large display of wheels and rims, 
from the early quick-detachable rims to 
present 13-in. drop-center rims with 
continuous removable side rings that 
“button” on and off by a ring-well made 
on the principle of the drop center for 
the tire, was shown and demonstrated 
by W. S. Brink, development engineer 
of the Firestone Steel Products Co. In 
a paper on the subject, Mr. Brink spoke 
of the rim and tire standards of the 
Tire & Rim Association of America and 
the control exercised over them by the 
association through inspectors in the 
plant of each rim and wheel manufac- 
turing company. 

Rhys D. Evans, research technologist 
of the Goodyear company, gave a talk 
on air wheels, accompanied with lan- 
tern slides showing the relative cross- 
sections, bearing areas, air pressures 
and load capacities of these tires and 
balloon tires. Slow-motion pictures of 
doughnut tires under laboratory test 
against a large flywheel were also 
shown. A reel of motion-pictures showed 
the use of air wheels on trucks in cit- 
rus-fruit groves and in heavy going in 
mud and at airports. 


Stainless-Steel Welding Discussed 
at Philadelphia 


NFORMAL discussion of the use of 

drawn stainless-steel structures by 
correct welding was presented at the 
May 11 meeting of the Philadelphia 
Section by Frank H. Russell and E. J. 
W. Ragsdale, of the Edward G. Budd 
Mfg. Co. The talks were illustrated 
with motion pictures of the various 
processes described, and at their con- 
clusion questions and comments were 
offered from the floor, those taking lead- 
ing parts being R. W. A. Brewer, con- 
sulting engineer; Charles O. Guernsey, 
of the J. G. Brill Co.; Joseph Geschelin, 
of Automotive Industries; and J. P. 
Stewart, of the Vacuum Oil Co. 

As a special-feature attraction for 
the members, invitations were extended 
at the meeting for them to ride in 
the new Budd-Michelin pneumatic-tired 
rail-car built of shot-welded stainless 
steel. 
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The meeting was attended by 153 
members and guests, of whom 52 were 
present at the dinner and entertain- 
ment preceding the technical session. 
At a business meeting, Chairman W. 
Laurence LePage announced the elec- 
tion of officers of the Section for next 
year as follows: 

Chairman—J. P. Stewart, Vacuum Oil Co. 

Vice-Chairman—O. M. Thornton, Titeflex 
Metal Hose Co. 

Secretary—J. B. Franks, Jr., The White 
Co. 

Treasurer, J. C. 


Geniesse, Atlantic Re 
fining Co. 


Papers on Motorboat Powerplants 
Given at Seattle 


a relating to motorboat power- 
plants were presented by three 
speakers at the closing meeting of the 
Northwest Section, held at Seattle on 
May 13. Officers for the coming year 
were elected and installed, Charles Finn 
succeeding C. H. Bolin as Chairman. 
Others elected were: Sherman Bush- 
nell, Vice-Chairman; A. W. Oberg, 
Treasurer; and James H. F rink, Secre- 
tary. 

Charman Bolin thanked the members 
for their support and attendance dur- 
ing the season just past, saying that 
the success of any association depends 
upon the interest shown by the mem- 
bers and that good progress had been 
made by the Section in the last year. 
Reece Lloyd, Chairman of the Member- 
ship Committee, reported the Get-Your- 
Man drive as nearing its quota for the 
Northwest Section. 

Discussion of a joint summer meeting 
with the Oregon Section, to be held 
about the middle of June, in Vancouver, 
B. C., was followed by a motion to lay 
further plans with that end in view. 

The program of the May meeting 
consisted of three papers of special in- 
terest to engineers of the “water-be- 
jewelled” Puget Sound region, as fol- 
lows: The Relation of Power to Boat, 
by George Draper, marine engineer 
with the Pacific Marine Supply Co.; 
Fundamentals of Marine-Engine Con- 
struction, by J. L. Patton, manager of 
the Seattle Marine Equipment Co.; and 
Powerplant Conversion for Racing 
Purposes, by Glenn Shaw, manager of 
Shaw & Mercill and a racing-motorboat 
builder and driver. 


Puget Sound Diesel-Engine Field 


Mr. Draper discussed the general re- 
quirements of various types of boat, 
both gasoline and Diesel powered, from 
the outboards to the large commercial 
craft. He pointed out that 6000 fish- 
ing boats are used in the Puget Sound 
region and each presents its own par- 
ticular problems as regards correct en- 
gine power. A market is at hand, he 
said, for a small two-cylinder four-cycle 
Diesel engine of about 20 hp. for craft 
of about 36 ft. overall. The large hali- 
but boats that make the trip to Kodiak 
Island, Alaska, and back in 20 or 21 
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days, require massive engines, as they 
are always under steady power, and re- 
liability and power are more to be con- 
sidered than weight. The Diesel en- 
gine is also preferred for large motor 
yachts because of the low cost of oper- 
ation and reduction of fire hazard, while 
weight is not an important considera- 
tion. 

Mr. Patton dealt with marine-engine 
designs and detailed construction, mak- 
ing minute comparisons with automo- 
bile and truck powerplants. He said 
that the Diesel engine is coming to the 
front even in the yacht field, while the 
gasoline engine is supreme in craft 
smaller than 50-footers. High-output 
generators are desired to develop the 
needed quantity of current. 


Converted Automobile Engines 
Satisfactory 


Conversions of automobile engines 
for marine use were found satisfactory 
in some jobs, and many good converted 
engines are in use, continued Mr. Pat- 
ton, but the original engine must be a 
good one. Adequate provisions for re- 
duction gears, cooling systems adapted 
to get results and manifold cooling are 
necessary. Full-load operation makes 
heavier demands in marine work than 
in automotive work. 

Mr. Shaw related his experiences in 
converting automobile engines _ for 
motorboat racing, in the 151-cu-in. class. 
His own boat, which won many events, 
was driven by a Star engine that he 
had changed in practically every de- 
tail to develop speed. Weight had to 
be cut down to 250 lb. and other 
changes made to increase the output 
to 85 hp. at more than 4200 r.p.m. Bal- 
ancing of the recriprocating parts 
helped greatly in getting better per 
formance. His boat in the 151 cu-in 
class has attained a speed of 52 m-.p.h. 
in competition. 

Lively discussion followed presenta- 
tion of the three papers and brought 
out, among other points, that danger of 
explosions due to gas vapors gathering 
in the bilge can be avoided only through 
the provision of ventilation systems, 
which are very important. 


“Met”? Marine Division Meets 


jk first meeting of the new Marine 
Division of the Metropolitan Section 
was held on May 24 at the Park Cen- 
tral Hotel, New York City. The main 
subject was the elimination of fire haz- 
ards aboard motorboats through the in- 
stallation of internal-combustion en- 
gines burning low-volatile fuels. 

Three papers on the program were: 
Fuelizer Survey, by J. C. McCormack, 
vice-president of Godward Gas Gen- 
erator, Inc.; Fuel Oil Is the Fuel for 
Marine Engines, by Alfred Schwartz, 
consulting engineer of the Fuel Oil 
Motor Corp.; and Fireproof Motorboats 
with Foolproof Diesel Engines, by 
Julius Kuttner, consulting engineer. 
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Howard E€. Maynard 


S the result of a paralytic stroke, 
i Howard E. Maynard, assistant 
chief engineer of the Chrysler Corp., 
passed away suddenly at his residence 
in Detroit on May 12. His death is 
greatly deplored by many friends and 
acquaintances of long standing in the 
automobile industry, with which Mr. 
Maynard had been identified for nearly 
a quarter of a century. 

Born at Amherst, Mass., in 1879 and 
technically educated at the Massachu- 
setts State College and the Worcester 
Polytechnic Institute, from the latter of 
which he was graduated in 1901 with 
the degree of Bachelor of Science in 
Electrical Engineering, Mr. Maynard 
entered the automobile industry in 1910 
as assistant engineer with the United 
States Motor Co., in Detroit. The fol- 
lowing two years he served as chief 
engineer of the Lion Motor Car Co., of 
Adrian, Mich. In 1913, as production 
engineer, he was placed in full charge 
of production for the Maxwell Motor 
Co., of Detroit. By 1921 he had been 


advanced to the position of assistant 
executive engineer of the company, and 
after the taking over of the Maxwell 
company by the Chrysler Corp., he was 
appointed assistant chief engineer of 
the latter organization, which position 
he retained until his death. 

Mr. Maynard was admitted to Mem- 
ber grade in the Society in April, 1920, 
and became a member of the Detroit 
Section. This year he was serving as a 
member-at-large on the Sectional Com- 
mittee on Plain and Lock Washers and 
as a member of the Subcommittee No. 2 
on Lock Washers of the Sectional Com- 
mittee. 


George H. Hannum 


poeoy a career of quarter of a cen- 
<i tury in the automotive industry, 
George H. Hannum passed away at 
Philadelphia in April. Mr. Hannum 
was general manager of the G. M. 
Heintz Mfg. Co., of that city, a posi- 
tion which he assumed last year. 

3orn at Thorndale, Pa., in January, 
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ROESING, W. H., field representative, Cham 
pion Spark Plug Co., Toledo. 


ROSEBROOK, G. L., architect, member of the 
service-station managers’ committee 
Standard Oil Co. of New Jersey, New 
York City. F 

RUSSELL, JAMES, master artificer, Royal 
Canadian Ordnance Corps., Winnipeg, 
Van., Canada. 


Russo, JOSEPH E., consultant and engineer, 
E. F. Chaskel, Indianapolis. 


THORNBERG, BERT C., fleet mechanic, Cor 
solidated Freight Lines, Seattle. 


TSUBOTA, SHUKICHI, bachelor of enginee! 
ing, Showa Seisakusho ‘Tsutsumikata 
Ikegami-Machi, Tokio-Fu, Japan 


ULRICH, BENJAMIN C., service manage! 
Eaton Mfg. Co., Philadelphia 


VINCENT, EDWARD T., Diesel research en 
gineer, Continental Motors Corp., Detroit 


SNIVELY, RICHARD K., advertising writer, 
N. W. Aver & Son, Philadelphia. 


SorAcIo, C., president, Soracio Corp., Harris- 
burg, Pa. 


STEARNS, WALTER VINCENT, petroleum re 
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WHITE, R. L., sales engineer, Climax Ma 
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1877, Mr. Hannum ss studied special 
courses in mechanical drawing, design- 
ing and mechanical engineering after 
receiving his public-school education 
and started on his career in the auto- 
mobile industry in 1907 with the Auto- 
car Co., of Ardmore, Pa., as chief in- 
spector. From 1908 to 1912 he was su- 
perintendent in charge of manufactur- 
ing for the Detroit Lubricator Co. For 
the following eight years he was gen- 
eral manager of the Saginaw Products 
Co., of Saginaw, Mich. In 1920 he was 
elected president and general manager 
of the Oakland Motor Car Co., of Pon- 
tiac, Mich., a position he filled until 
about 1926, when he was elected presi- 
dent and general manager of the Han- 
num Mfg. Co., of Milwaukee, a com- 
pany that he organized in 1925 for the 
manufacture of heavy-duty steering- 
gears. Following the sale of the latter 
company in 1930, Mr. Hannum joined 
the Heintz Mfg. Co. in 1931. 

Mr. Hannum was elected to Member 
grade in the Society in January, 1923, 
and had been a member of the Detroit, 
Milwaukee and Philadelphia Sections. 





AIRCRAFT 


Safety Devices in Wings of Birds. By 
R. R. Graham. Published in The 
Journal of the Royal Aeronautical 
Society, January, 1932, p. 24. [A-1] 
The connections between the ways of 

birds in the air, their size, the shape 
and loading.of their wings, the presence 
er absence of slots, and, when present, 
their development, are so intricate that 
many years of investigation would be 
required before really satisfactory con- 
clusions could be reached, the author 
contends, and he states that only the 
surface of the subject has_ been 
scratched in his paper. He expresses 
the hope, however, that it will indicate 
the amazing width of this field for re- 
search and the possibility of the riches 
that may be found in it. 

The observations, theories and tenta- 
tive conclusions discussed in the paper 
are summarized at the end, and a list 
of a considerable number of birds 
whose flight characteristics have been 
studied is included. An appendix 
offers corrections to this tabulation, 
based on further work since the pre- 
sentation of the paper in 1930, and a 
second appendix is devoted to a detailed 
study of a Montagu’s Harrier from an 
action photograph. 


General Formulas and Charts for the 
Calculation of Airplane Performance. 
By W. Bailey Oswald. N.A.C.A. Re- 
port No. 408, 1932; 50 pp., with 
tables and charts. Price, 25 cents. 

[A-1] 


Theory of Wing Sections of Arbitrary 
Shape. By Theodore Theodorsen. 
N.A.C.A. Report No. 411, 1931; 13 
pp., with tables and charts. Price, 
10 cents. [A-1] 


Preliminary Investigation of Modifica- 
tions to Conventional Airplanes To 
Give Non-Stalling and Short-Landing 
Characteristics. By Fred E. Weick. 
N.A.C.A. Report No. 418, 1932; 16 
pp., illustrated. Price, 5 cents. [A-1] 


Preliminary Investigation of Rolling 
Moments Obtained with Spoilers on 
Both Slotted and Plain Wings. By 
Fred E. Weick and Carl J. Wenzing- 
er. N.A.C.A. Technical Note No. 
415, April, 1932; 11 pp., 15 figs. [A-1] 


Characteristics of Two Sharp-Nosed 
Airfoils Having Reduced Spinning 
Tendencies. By Eastman N. Jacobs. 
N.A.C.A. Technical Note No. 416, 
April, 1932; 5 pp., 10 figs. [A-1] 


Development of Tailless and All-Wing 
Gliders and Airplanes. By Robert 
W. E. Lademann. Translated from 
Die Luftwacht, February, 1932. 
N.A.C.A. Technical Memorandum 
No. 666, April, 1932; 12 pp., 3 figs. 

[A-1] 


Application of the Theory of Free Jets. 
By A. Betz and E. Petersohn. Trans- 
lated from Ingenieur-Archiv, May, 
1931. N.A.C.A. Technical Memo- 
randum No. 667, April, 1932; 25 pp., 
32 figs. [A-1] 


Notes and Reviews 





These items, which are prepared by the 
Research Department, give brief descrip- 
tions of technical books and articles on 
automotive subjects. As a rule, no at- 
tempt is made to give an exhaustive 
review, the purpose being to indicate what 
of special interest to the automotive in- 
dustry has been published. 

The letters and numbers in brackets 
following the titles classify the articles 
into the following divisions and subdivi- 
sions: Divisions—A, Aircraft; B, Body; 
C, Chassis Parts; D, Education; E, En- 
gines; F, Highways; G, Material; H. 
Miscellaneous; I, Motorboat; J, Motor- 
coach; K, Motor-Truck; L, Passenger 
Car; M, Tractor. Subdivisions—i, De- 
sign and Research; 2, Maintenance and 
Service; 3, Miscellaneous; 4, Operation; 
5, Production; 6, Sales. 








Ergebnisse des 12. Rhén-Segelflug- 
Wettbewerbes 1931. By Walter 
Georgii. Published in Zeitschrift 
fiir Flugtechnik und Motorluftschif- 
fahrt, Feb. 29, p. 97, and March 14, 
1932, p. 125. [A-1] 


The 12th annual sailing-flight com- 
petition in Germany is characterized 
as a fitting climax to a year of extraor- 
dinary achievement in the field of 
motorless aviation. Some of the year’s 
noteworthy events were the flights 
made in all parts of Germany for the 
prize for the best performance of the 
year; the competition for the Hinden- 
burg prize; the common introduction of 
towed starting of gliders, so that 
motorless flights might be made from 
any airport; and the flights made in 
the Swiss Alps. 

A strong evidence of the progress of 
motorless aviation was the fact that 
the competition did not include any 
gliding events, being solely devoted to 
sailing flights. The applicants for par- 
ticipation in the competition numbered 
59, and 49 sailing craft took part. 

The winner of the flight-duration 
event in the advanced training class 
did not equal the 1930 record, because 
ef weather conditions, but balancing 
this unfavorable showing is the large 
number of flights, 300, as compared 
with 132 of the preceding year. The 
long-distance record was made with a 
flight of 137 miles, and the highest 
altitude reached was 2267 ft. 

Of especial interest were the flights 
utilizing pressure conditions caused by 
air-temperature variations and those 
made during a thunder-storm. showing 
the fliers to be “masters of wind, cloud 
and unfavorable weather.” 


Die Aufgaben der Elektrotechnik in der 
Luftfahrt. By Heinrich Fassbender 
Published in Zeitschrift fiir Flug- 
technik und Motorluftschiffahrt 
March 14, 1932, p. 135. [A-1] 
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A short summary covering the 
varied tasks of electricity in aviation 
is given. For the most part only main 
points are touched on; details, how- 
ever, being included for the most out- 
standing developments. A _ bibliogra- 
phy including 20 references enables 
the reader to pursue a more exhaustive 
study of the subject. 

Among the topics referred to are 
measuring technique; brakes for power 


measurement; aircraft instrument 
panels; ignition, especially shielding 
from radio interference; _ starting; 


lighting; production of electric cur- 
rent; communication, including tele- 
phones within the aircraft and radio 
for land communication; navigation 
aids; landing aids; noise measurement 
and distance measurement. 


Die Zunahme des Maximalauftriebes 
von Tragfliigeln bei Plotzlicher An- 


stellwinkelvergroésserung (Boenef- 
fekt). By Max Kramer. Published 


in Zeitschrift fiir Flugtechnik und 

Motorluftschiffahrt, April 14, 1932, 

p. 185. [A-1] 

A report is given of wind-tunnel 
tests in which wing models were sub- 
jected to sudden increases in angle of 
attack, analogous to the effect of ver- 
tical gusts, and the resulting forces 
measured. The results tend to show 
that the maximum-lift values increase 
with the rapidity of change of angle of 
attack. This conclusion is stated to be 
of special significance in calculating 
the stresses produced by gusts in air- 
craft of low wing-loading. The re- 
sults of such calculations for a high- 
efficiency seaplane and a_ sport-type 
aircraft are presented. 


Vereinfachtes Verfahren zur Berech- 
nung der Flugleistungen von Land- 
flugzeugan. By Gustav Féorstner. 
Published in Zeitschrift fiir Flug- 
technik und  Motorluftschiffahrt, 
March 29, 1932, p. 169. [A-1] 
The object of this article is to render 

less difficult the correction of flight test 

data for wind and air-density effects. 

The commonly used formulas are sim- 

plified and graphs developed. The 

article is a report of the German in- 
stitute for aeronautical research. 


Der Boden-Effekt beim Fluge in Erd- 
nahe. By E. Ténnies. Published in 
Zeitschrift fiir Flugtechnik und Mo- 
torluftschiffahrt, March 29, 1932, p. 
157. [A-1] 
While previous investigations of 

ground effect have been concentrated 

on the change in drag, an increase in 
lift too considerable to be neglected is 
also part of the phenomenon. This is 
the thesis of the present article, in 
which the author sets forth the for- 
mulas for calculating take-off runs and 
compares the data obtained from them 
with those actually observed, reports 
model and flight tests made by the 
aviation bureau of the Hannover engi- 
neering college to show the increase 
in lift with the nearness of the ground, 
sets forth a theory of the influence of 
(Continued on next left-hand page) 
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ground effect in starting and landing and compares the conclusions 


drawn trom this with experimental data 


The Aircraft Year Book for 1932. Compiled by the Aeronautical 
Chamber of Commerce of America, Inc. Published by D. Van 
Nostrand & Co., Inc., New York City, 1932; 626 pp., including 


index, [A-3] 
The Year Book of the A. C. C. A., which has become an in 
dispensable tool to the aircraft industry and its related interests, 
is now available in its 14th edition. The material in it has beet 
eorganized into five principal divisions: Part I, The Year in the 


Air, covering in the usual brief way the history of the year’s 


developments and predictions for 1932, and including a résumé 


of Army and Navy activities, a rship development, notable flights 
and the growth of commercial air-transport; Part Il, Manufactur- 
ing and Engineering Progress Part IIl, Aviation Chronology 
and Records, a day-to-day account of important happenings 
Part IV, Flying Facts and Figures; and Part V, Aeronautica 
Directory and Trade Index. } 


Among notable additions in this volume are: the chapter de- 
voted entirely to the Autogiro, a chapter on the perfecting of i 
component parts for aircraft and a comprehensive report of air- 
port construction and operation 

It is interesting to find that air transport experienced th | 
greatest year in its history in 1931, and, in spite of the genera 
business decline, showed substantial gains in the number of plane 
miles and passenger-miles flown, the total number of passengers 
carried, the volume of mail transported and the weight of expres 


matter carried by airplane 


Aerial and Marine Navigation Tables. By John E. Gingrich. Pub 
lished by the McGraw-Hill Book Co., Inc., New York City and 
London, 1931 63 pp [A-4] 


The simplified tables for the quick solution of aerial and marine 
navigation problems contained in this volume are a rearrange 
ment of the tables devised by Dr. Ogura, hydrographic enginee! 
of the Japanese Navy. The altitude part of the tables is similal 
in conception to tables published many years ago by the French 
mathematician, Souleguet The azimuth is calculated in a manner 
similar in conception to that used by Captain Lecky in his famous 
ABC tables 

The tables are reported to have beer thoroughly tested n the 
air and at sea and to have been found accurate and rapid and 
simple to use They are planned for use with either sea horizor 
or bubble sextant and include necessary tables of corrections 

The same method is used in all sights and involves only 
use of simple addition and subtraction in making computation 


The range is wide 


The German Investigation of the Accident at Meopham (England). 6 
Hermann Blenk, Heinrich Hertel and Karl Thalau Translated 
from Zeitschrift fiir Flugtechnik und Motorluftschiffahrt, Feb 

15, 1932 N. A. CC. A. Technical Memorandum No. 669 \pi 

f 


1932 s0 pp., 26 figs 


The Triangle Parachute. By Major E. L. Hoffman, I S. A Pub 
lished ir iviation Engineering, January, 1932, p. 27 [A-4] 
The discussion in this article is limited to the parachute canopy, 

per ‘ ind particularly to a description of the triangle type 


originated by Major Hoffmar 

The conditions to be met by a canopy as outlined by the author 
ire lift, promptness of opening, certainty of opening, strength 
non-oscillation and _ steerability. These characteristics are con 
sidered with special reference to the triangular parachute, and 


author points out that, while heretofore all parachutes were 


the 


designed to descend verticalty, the Triangle, in descending, travels 
along an inclined plane and has an inherent horizontal speed of 
about 3 m.p.h. With regard to its steerability, the author ex 
plains that it moves away from the tail over one shoulder and 


can be turned at will to right or left by pulling on the risers 


Atterrissage sur Engin Mobile et Lancement par Catapulte. By Camill: 
Rougeron. Published in L’Aéronautique, March, 1932, p. 67 [A-4] 


THE CRANKSHAFT The suggestion is made that the experience gained in refueling 
in flight and in aircraft-carrier landing and launching of aircraft 

MAKERS be put to work in th nterests of commercial aviation. The 
1uthor describes mobile units equipped with brakine means that 


WORCESTER,MASS. would sensibly shorten the landing run of airplanes and also means 


for catapulting aircraft that would be acceptable in passenger-carry- 


HARVEY,ILL, . (Continued on next left-hand page ) 
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finest quality and design — that coor- 
dination of working parts is perhaps 
the most important phase of auto- 
- that 
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deliver power in a straight uninterrupted line 
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THE PISTON RING COMPANY 
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POWER 


— 
~ 
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the world’s largest piston ring company to project an 
incomparable engineering service into the plants of 
their customers. ‘Sealed Power’ engineers, who have 
devoted their lives to the study of sealed power, are 
constantly available for consultation in any piston ring 
problem. The “‘Sealed Power”’ laboratories, completely 
equipped for this one service are also available. Such 
an exclusive service has proven of inestimable 
importance to our manufacturing customers. 
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CHASSIS PARTS 


A Consideration of Power Braking in Its Application to Passenger Cars. 
By Howard K. Gandelot. Published in 
Feb. 23, 24 1932. 


Increased 


Automotive Daily News, 

[C-1] 
an increase in the number of 
women drivers, a larger volume of traffic and the general advent 
of free-wheeling are cited as contributing factors to the need for 
improved braking systems that afford effective 
with the minimum of physical effort on the pedal. 
of design and operation of the available types 
that is, electric, air, oil, vacuum and mechanical, 
special 


and 25, 


speed, heavier cars, 


braking action 
The principles 
of power brake, 
are outlined and 


consideration is given to the Stewart-Warner system of 
direct-acting mechanical power brakes. 
La Roue Libre et |’Automobile. By Maurice Sainturat Published 


in Journal de la Société des Ingénieurs de Vv Automobile, March, 


1932, p. 1682. [C-1] 

Free-wheeling is here to stay, in the opinion of the author. 
None of the faults found in free-wheeling vehicles can be at- 
tributed to the free-wheeling device itself, he asserts, but they 
arise from the operation of other elements, the defects in which 
can easily be remedied 

The failure to develop free-wheeling after its introduction 12 
years ago was due, in the author’s opinion, to lack of public 
demand, and its recent sudden popularization, especially in this 
Country, was the natural outgrowth of a buyers’ market. The 
theory of free-wheel operation is outlined, design principles are 
set forth and design details of specific commercial devices are 


described 


Messungen des Forschungsinstituts fiir Kraftfahrwesen und Fahrzeug- 


motoren an der Technischen Hochschule Stuttgart mittels des Tel- 
Gerats bei Versuchsfahrten mit Freilaufgetriebe der Zahnradfabrik A.-G. 


Friedrichshafen auf dem Niirburgring. By E. Speigel Published 
in Automobiltechnische Zeitschrift, April 25, 1932, p. 200. [C-1] 
An account is given in this article of the instruments, test 
methods and results of an investigation of the effects of free- 


wheeling on fuel consumption and general automobile operation. 


The automotive research bureau of the Stuttgart engineering 

college conducted the tests Phases of automobile operation 

covered were coasting on a level road, deceleration, speed and 

negotiating down-grades 

Untersuchungen an Blattfedern. By H. Stark. Published in Auto- 
mobiltechnische Zeitschrift, March 25, 1932, p. 151. [C-1] 
The spring committees of the German engineering society and 

the German society for steel treating are engaged in a 


coopera 
tive research, the object of which is to develop an exhaustive guide 


for reliable spring design in such form as to be readily usable by 


the practical engineer. The present article is an abstract of a 
progress report on this work. Seven conditions characteristic 
of actual operation that customary spring calculations fail to 
take into account are enumerated and tests to determine the 
effects of a few of these factors are recounted. Future work 
will deal with spring vibration 
_ Y ’ Y scr 
ENGINES 
High-Speed Diesel Engines. 3y P. M. Heldt. Published by the 
author, Chestnut and 56th Streets, Philadelphia, 1932; 312 
pp [E-1] 
Mr. Heldt needs no introduction to readers of automotive 
literature In this latest work, he presents a condensed, orderly 
review of some of the research work that has been done both here 


and abroad on problems connected with various phases of design 
of the high-speed or automotive oil engine, together with descrip- 
tive data and illustrations of typical of the 
sub-classes that have actually been 

Much of the widely scattered published 
data previously available only in foreign languages, has been 
brought in this volume, and the author states that the 
primary purpose of the book is ‘“‘to help those who are engaged in 
design and experimental development of these engines, 
as the pioneer operators of vehicles equipped with them.” 


(Continued on next left-hand page) 
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Let the DRIVER 
set the ride 


When a car is equipped with Delco Ride-Regulating Control, 





the driver can always choose the ride that exactly suits him. He 
can compensate for the variations in road, load and speed, 
and secure complete riding comfort under every condition. The 
extra roadability he gets by regulating the ride adds much 
comfort. Now, while next year’s models are still ‘on the boards,” 
plan for the installation of completely automatic Delco shock 
absorbers that can be regulated from the dash. We shall 


be glad to co-operate with you in laying out the installation. 





LOVEJOY: HYDRAULIC 
SHOCK ABSORBERS 


-WITH RIDE-REGULATING CONF & oO e* 
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Automotive Engineers when 


designing a fuel system where 
“Floating Power” or “Rubber 
Mounted Motors” are used 
naturally turn to Titeflex for gas, 


oil and exhaust lines. For sixteen 


pore ag en CNR a REE EE III IED 


| years we have been the largest 
| Manufacturer furnishing flexible 
pressure fuel lines to this Industry. 


Titeflex Metal Hose Co. 


500 Frelinghuysen Ave., Newark, N. J. 
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Dynamics of Engine and Shaft. By Ralph E. Roo Published by 
John Wiley & Sons, Inc., New York City and London, 1932; 
184 py [E-1] 
The iuthor presents methods for evaluati1 the Loree that 

operate In a reciprocating engine, traces their effect n turning 

moment on the shaft and in bearing pressures and, by emphasis 
on the periodic character of forces, reveals the significance in 
relation to vibrations To this latter end, the vork includes a 
reatment of torsional and transverse vibratio. it elastic sys 
tems and a discussion of critical] speed 

In the first seven chapter dealing with balance, turning mo 
ment and bearing pressures, the mathematical and mechanical 
principles are such as should be included in elk entary calculus 
and engineering mechanics In the last three chapters, dealing 


with vibrations, use is made of linear differential equations, both 
ordinary and partial, and of the theory of elasticity. 

The work is intended primarily as a textbook and is a direct 
result of the author’s experience in presenting the subject matter 
to student officers in the Postgraduate School of the United States 
Naval Academy during the last 12 years 


Positioning of Link-Rod Wristpins in Articulated Connecting-Rods. By 


Glenn D. Angle. Published in Aviation Engineering, January, 
1932, p. 11 [E-1] 
Among the methods that may be employed in connecting two 


or more rods to a single crankpin of an engine, according to the 
author, are the forked or straddle type, the slipper type and the 
articulated type, the last named apparently be 
derstood 
Mr. Angle 
whether it 


ng the least un 


explains that there are combinations of elements 
be the number of rods to be accommodated, the ex 
isting loads, or both, where the only safe connecting-rod con 
struction that can be used is the articulated forn He em- 
phasizes that attempts to employ the forked or slipper types under 
such circumstances indicate an element of fear or lack of knowl 
edge on the part of the designer relative to the kinematics of the 
articulated connecting-rod movements 

In this article he briefly discusses certain phases of these 
motions in a simple manner with a view toward clarifying the 
work ot the designer The discussion is especially directed 
toward the location of the link-rod wristpit as t affects the 


length of stroke and the compression ratio 


The Effect on Airplane Performance of the Factors That Must Be 
Considered in Applying Low-Drag Cowling to Radial Engines. By 
William H. McAvoy, Oscar W. Schey and Alfred W Young. 
N. A. C. A. Report No. 414, 1932; 19 pp llustrated Price 20 
eents [E-1] 


Considerations of Air Flow in Combustion Chambers of High-Speed 
Compression-Ignition Engines. By J. A. Spanogle and C. S. Moore 
N a & 4. Technical Note Ne $14, April, 1932 10 pp ) 


ngs (E-1] 


Praktische Drehschwingungs-Untersuchung von Luftfahrzeug-Triebwerken. 
By Karl Lurenbaum Published in Zeitschrift fiir Flugtechnik 
und Motorluftschiffahrt, Feb. 29, 1932, p 105 [E-1] 


Of utmost importance in judging the reliability of a1 aircratt 
engine s the knowledge of its vibration characteristics and the 


stresses resulting from these vibrations. A first step in vibration 
research is the theoretical calculation, the method for which is 
outlined. Such calculations make possible the avoidance of de- 
sign errors and the understanding of the behavior f the con 


pleted engine 
To secure the knowledge of vibration characteristk of the en 
gine in operation, measuring instruments are necessary Two of 


these, developed by the German institute for aeronautical resear¢ h, 


are described The first, the torsiograph, is attached to the free 
end of a crankshaft and is suitable for the investigatior of ail 
raft engines with direct and rigidly coupled propellers For e1 
vines with intermediate shafts, couplings and geal an instrument 
of a different type is needed, and this is provided in a torso! 


ndicato1 
Results obtained with the second type of instrument on a geared 


aircraft engine, to show how the actual vibration and co! sequent 


stresses differ from calculated predictions, are presented Further 
vibration measurements made by the German institute for aero- 
aut research are reproduced. 


(Continued on next left-hand page) 





NEW PROCESS .. 


tion that constantly strives to aid 


. an organiza- 


the industry by improving its own 
products. By always seeking the 
best methods to render service. 
By spreading countless economies 
to its customers benefit. And by 
working silently and efficiently as 
an integral part of the companies 


it serves. 
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THE TEST WAS | 
altwet 














BUT mot THE 


What happens when brake linings become wet? Is 
their efficiency seriously impaired? And if so, for 
how long a time? 


RESULTS 


To answer these questions, Rusco engineers con- 
ducted one of the most severe tests ever devised. 
First, a medium weight car, equipped with Rusco 
linings, was driven back and forth, hub deep, a num- 
ber of times in a brook—thus drenching the linings 
far more completely than would be the case in ex- 
treme rainy weather. 





Next, the car was operated at a speed of 40 M.P.H. 
and stopped at intervals of 45 seconds, using a con- | 
stant pedal pressure of 100 pounds. The results for | 
the first four consecutive stops were as follows :— 





Deceleration Feet per sec.” 


Stop No. 1 5 | 
Stop No. 2 8 | 
Stop No. 3 12% 
Stop No. 4 15 (Dry Mean) | 


The fact that even when subjected to the worst pos- 
sible water conditions, Rusco Linings come back to 
normal in three stops furnishes striking evidence of | 
their dependability. Actually what happened during 
the first three stops was that the water acted as a 
lubricant, preventing full contact between linings and | 
drums. Normal brake action was immediately ob- | 
tained as soon as the water was squeezed out. 


Complete performance data on Rusco Linings for 
your brake will be furnished gladly on request. 
Address Engineering Department B81, The Russell 
Manufacturing Company, Middletown, Conn. 


RUSCO 


MOLDED, WOVEN and MOLDED-WOVEN 


BRAKE LININGS 
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The Modern Diesel. Published by lliffe & Sons, Ltd., London, 1932; 

142 pp. [E-3] 
high-speed compression-ignition engines for 
road transport, aircraft and marine work treats the subject in 
elementary style and, in addition to outlining the history of the 
development of compression-ignition engines and explaining the 


action of the Diesel cycle, includes descriptions of the various 
fuel-injection systems. 


This handbook on 


Compression-Ignition Engines for Road Vehicles. Compiled by the 
editor of The Commercial Motor. Published by the Temple 
Press, Ltd., London, 1932; 132 pp. [E-3] 
This is a manual dealing in a simple manner with the principles 

of operation and constructional details of all types of oil engine 

that can be utilized for commercial vehicles or private cars, their 
accessories, fuels, lubricants and so forth. 


MATERIAL 


Combustion Velocity of Benzine-Benzol-Air Mixtures in High-Speed 


Internal-Combustion Engines. By Kurt Schnauffer Translated 
from VDI-Verlag G.m.b.H., Berlin, 1931. N.A.C.A. Technical 
Memorandum No. 668, April, 1932; 17 pp., 20 figs. [G-1] 


Flow of Petroleum Lubricating Greases—I. 3y M. H. Arveson. Pub- 
lished in Industrial and Engineering Chemistry, January, 1932, 
p. 71. [G-1] 
This article treats petroleum greases in the restricted sense of 

a soap-thickened mineral lubricating oil. The author points out 

that these greases are dispensed and used as lubricants under a 

variety of conditions in which the factors determining the flow 

characteristics are of primary importance. A viscometer based on 

a novel principle, which predetermines the rate of shear and is 

especially designed for the purpose of measuring the fiow charac- 

teristics of lubricants, is described. 

The data at 77 deg. fahr (25 deg. cent.) on several worked cup 
greases and a pulp oil are presented in graphical form. The large 
range of rate of shear reported (0.08 to 132,000 reciprocal sec- 
onds) covers the complete practical range of use. Among others, 
the following conclusion is drawn: The apparent viscosity of 
greases decreases with increasing rates of shear in a manner 
characteristic of the particular soap used, approaching in the 
limit a value higher than, but of the same order of magnitude as, 
the oil in the grease. 


Effect of Casting Temperatures and of Additions of Iron on Bearing 
Bronze. By C. E. Eggenschwiler. Published in the Bureau of 
Standard Journal of Research, January, 1932, p. 67. [G-1] 
A study was made of the effect of different casting temperatures 

(1850 to 2120 deg. fahr.) and of additions of from 0 to 1.0 per 

cent of iron upon the hardness and the structure and upon the 

resistance to wear, pounding and single-blow impact of a bearing 
bronze containing 80 per cent of copper, 10 per cent of tin and 

10 per cent of lead. 

In general, increasing the casting temperatures from 1850 to 
2120 deg. fahr. increased the resistance to wear, increased the 
grain size with only a slight effect on the distribution of the lead 
and slightly decreased the Brinell hardness. The resistance to 
pounding was increased within the casting range of 1900 to 2000 
deg. fahr., and the notch toughness decreased on the bronzes cast 
close to 2000 deg. fahr. 

Additions of iron exceeding 0.3 per cent proved detrimental 
Smaller additions of iron decreased the resistance to wear and 
increased the Rockwell and Brinell hardness. Additions of iron 
up to 1.0 per cent increased the resistance to pounding. Increas- 
ing the iron content above 0.3 per cent produced the segregation 
of lead particles and decreased the grain size and the notch 
toughness 


Tests on Tin-Base and Lead-Base Bearing Metals. By C. Jakeman and 
Guy Barr. Published in Engineering, Feb. 12, 1932, p. 200. [G-1] 
The research herein reported was made for the Tin Research 

Subcommittee of the British Non-Ferrous Metals Research Asso 

ciation with the primary object of ascertaining the comparative 

chemical action of lubricants upon tin-base and lead-base bearing 
metals 
The results obtained indicate that an alkali metal-lead alloy 
will run satisfactorily at moderate loads and temperatures when 
lubricated with mineral oil or compounded oil, but the conclusions 
drawn from the whole investigation are that, while neither high- 
(Continued on second left-hand page) 
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Smooth, effortless control is more than a feature of modern Automotive Air Brakes. Today, more than ever 
before, it is a necessity in the safe, efficient operation of the heavy-duty motor vehicle * Smooth! Offering 


a cushioned braking protection to the most fragile cargo . . . Effortless! Permitting the operator to give full 


attention to his other duties ... Air Brakes, with 


power-to-spare, more than justify their ranking as até N DIX 
“Safety Standard of the World”. Bendix-Westinghouse WE ST t ty G L@)t we 


Automotive Air Brake Company at Pittsburgh, Penna. 


THE BRAKE VALVE 
Perhaps the most inconspic- 
uous item of Air Brake 
Equipment, this ingenius de- 
vice is directly responsible for 
the instant, smooth, effortless 
action of Bendiz- Westing- 
house Brakes * Responsive to 
even a feather-like touch, at the 
brake pedal, its rugged de- 
pendability reflects the years 
of engineering research 
attending its development. 
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WITHOUT TUBING — BEFORE COMPRESSION 


(1) First Compression 
(2) Second Compression 
(3) Third Compression 
Patented February 3, 1931 (D) Nut 
No. 1,791,121 (E) Seamed Tubing 
Approved by the Underwriters Laboratories 


(A) Body 
(B) Sleeve 
(C) Solder Bearing 


ERE is the result of supreme engineering effort 

and experience to provide a single type of com- 
pression coupling to fit universally all seamed or 
seamless tubing of steel, aluminum, brass or copper. 
It is no longer necessary to depend upon couplings 
of various designs and construction for joining differ- 
ently constructed kinds of tubing. 


This Dole Universal All-Tube Coupling of two piece 
design surpasses all for joining to seamed or seamless 
tubing—for safety against leakage—for holding under 
all strain and vibration —for simplicity of connection 
—no separate sleeves—no flaring —no soldering —for 
reconnecting speedily and without limit —for u/timate 
satisfaction and economy. 

The coupling consists of only the body and the threaded 
sleeve screw. Repeated connecting will not reduce the effi- 


ciency. Finger turned except for the compression turn. The 
solder which holds the sleeve on to the nut is sheared off 
during compression, thus giving a lead lubricated bearing—an 
exclusive Dole feature. 

Our engineering department will be pleased to work with 


you in the application of Dole Universal All-Tube Couplings. 
Cut open samples will be sent free upon request. 


-THE DOLE VALVE COMPANY 


1713-23 Carroll Avenue Chicago, Illinois, U. S. A. 
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lead nor high-tin alloys are readily attacked by the lubricants in 
common use, such as mineral oil, compounded mineral oil and 
castor oil, a higher friction loss generally will occur with a high 
lead alloy than with a high-tin alloy, 


Protection of Metal Parts of Aircraft against Corrosion. By H. Sutton 
Published in The Journal of The Royal Aeronautical Society, 
January, 1932, p. 1 [G-1] 


The author reviews the various methods for protecting metal 


aircraft parts, including: the development of stainless steels 


enamels and organic protectives; 


cadmium-plating ; zinc-plating 
zine coating by the hot diffusion or sherardizing method: electro 
lytic nickel coatings; the protection of steels against oxidation at 
elevated temperatures by nickel-plating, “calorizing,” aluminum 
spraying and aluminum dipping; the protection of aluminum and 
aluminum alloys by the use of aluminum as a pigment in enamels 
and by the use of high-purity aluminum coatings, such as the 
aluminum-coated duralumin sheet, or Alclad; anodic oxidation o1 
the producing of an oxide film on the surfaces of aluminum and 
its alloys; and the protection of magnesium alloys by anodic 


treatment producing a resistant oxide film. 


Determination of Tin in Irons and Steels. By J. A. Scherrer. Pub 
lished in the Bureau of Standards Journal of Research, February 
1932, p. 309. [G-1] 
Apparently tin is invariably a constituent of irons and steels 

usually in amounts ranging from a few thousandths to a few 

hundredths of 1 per cent. The accurate determination of such 
small percentages of tin is difficult, and methods that have pre- 
viously been recommended are unsatisfactory As a result of 
the study herein reported, a method has been developed in which 
tin is separated from interfering elements, such as chromium, 
vanadium and tungsten, by precipitation as sulphide in a dilute 
nitric-acid solution and then separated from elements such as 
copper and 


molybdenum by precipitation with ammonium 


hydroxide. These treatments remove the elements that interfere, 
and the tin is then reduced in sulphuric-hydrochloric-acid solution 
containing granulated lead and afterward oxidized as usual by a 
standard solution of With 


that are accurate to 0.001 per cent can easily be obtained. 


iodine. proper precautions, results 


The Status of Chromium-Plating. By William Blum. Published in 
the Journal of the Franklin Institute, January, 1932, p. 17. [G-1] 
This summary of the present status of chromium-plating makes 

no attempt to consider the details of the process but aims to give 

a bird’s-eye view of the methods and applications and especially 

the limitations and probable future uses. 

The author points out that, parallel with the increasing use of 
chromium, a marked development of chromium-alloy steels, for 
example, of the stainless type, has occurred. At present these two 
methods of obtaining a lustrous, tarnish-resistant surface are in 
direct competition, particularly in the automobile industry. Some 
of the factors that undoubtedly will influence the final choice are 


discussed. 


Tin—World Statistics, 1932. Compiled and published by the Anglo- 
Oriental Mining Corp., Ltd., London, 1932; 137 pp [G-5] 
Statistics regarding the production, consumption and stocks of 

tin, together with tables showing the history of price changes, are 

compiled and tabulated in this book, which is an outgrowth of 
the work of the International Tin Committee organized early in 

1931 to formulate an international scheme, having as its object 

the statutory regulation of the production and export of tin In 

each of the principal tin-producing countries of the world. 


Beryllium—Its Production and Application. Compiled by Zentral- 
stelle fiir Wissenschaftlich-Technische Forschungsarbeiten des 
Siemens-Konzerns. Translated by Richard Rimbach and A. J. 
Michel. Translation published by the Chemical Catalog Co., Inc., 
New York City, 1932; 331 pp. [G-5] 
This book contains reports devoted exclusively to beryllium, its 

production and use. It is a comprehensive report of the work on 

the subject of beryllium carried out since 1923 at the Siemens- 

Konzern. Those whose names appear in the long list of collab- 

orators are also the authors of the reports. 


The research program included the following: (a) further im- 


provement of the electrolytic methods; (b) development of a 
satisfactory analytical method for detecting beryllium in the raw 
material and in alloys, and determination of the degree of purity 
of the beryllium metal obtained; (c) development of economical 
processes for producing the beryllium salts required for the elec 
trolytic method from the raw beryl (d) investigation of the 


(Concluded on next le ft-hand page) 
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MECHANICAL TUBING 


Available in any size, weight or wall thick- 
ness, in regular carbons and S.A.E. alloys. 


PITTSBURGH STEEL COMPANY 


Seamless Tube Division Pittsburgh, Penna. 
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YEARS OF 
SPECIALIZATIO 


Duplex No. 766—%" Pitch 


Twenty years of specialization in the design, development 
and refinement of Morse Timing Chain front end drives, have 
produced many outstanding improvements, among which is 
numbered the Morse Automatic Adjustment. 


This feature, together with the Morse %’ pitch type 766 
Duplex Chain, is embodied in such distinguished cars as the 
Cadillac V-12 and V-16 and the Lincoln V-12. 


Points of special advantage in this improved automatic adjust- 
ment are: (1) the radial action of its floating bronze carrier; 
(2) the compression springs of even tension; (3) the hardened 


steel sprocket, rotating on bronze—all features which insure 
lifetime service. 


Further data and design suggestions upon request 


MORSE CHAIN COMPANY 


Ithaca, N. Y.; Detroit, Mich. 
Division of Borg-Warner Corporation 


Morse Chain Co., Ltd., Letchworth, Herts, England 


MORSE EQUIPPED PASSENGER CARS 


ESSEX 6 PEERLESS 8 (Master 
HUDSON 8 PONTIAC 6 
HUPMOBILE 8-221 REO FLYING CLOUD 6 
HUPMOBILE 8-225 REO FLYING CLOUD 8 


American 
CADILLAC V-8 
CADILLAC V.12 
CADILLAC V-16 


CHRYSLER 6 HUPMOBILE 8-226 REO ROYALE 8 
CHRYSLER 8 HUPMOBILE 8-237 ROCKNE 6-65 
CHRYSLER 8 DE LUXE HUPMOBILE 8-218 Macias 
CHRYSLER IMPERIAL 8 LA SALLE 8 ADLER 9 
CONTINENTAL MOTORS LINCOLN 8 BRENNABOR 

DE SOTO 6 LINCOLN V-12 

DE VAUX 6-80 A manufacturer of high grade ao 

DODGE 6 ; VAUXHALL 

DODGE 8 eights (Name on request) WANDERER WERKE 
DURANT 6 (619) PEERLESS 8 (Custom) ZSCHOPAUER 
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properties and application possibilities of pure beryllium; (e) in 
vestigations into the alloying properties of beryllium with other 
light metals, as well as the properties of such alloys; (f) investi 
gations into the alloying properties of beryllium with heavy 
metals and the properties of such alloys; (gq) studies of the 
occurrence of raw beryl; and (hk) development of a reliable sup 
ply of raw beryl 


MISCELLANEOUS 


Depression and Unemployment—Why? Ky Adolph Moses. Published 


by the author, 46 Washington Square South, New York City, 


1932 ; 19 pp. [H-3] 
The author describes himself as “a mechanical engineer, in- 


ventor and designer of labor-saving and power-generating ma- 
chinery and a skilled mechanic, who has received most of his 
relatively small income from wages”. Inability to find work led 
him to study the economic situation, in the hope that he might 
be able to determine what practices had brought on the depres- 
sion, and to make it possible to recognize and correct the faults 
so that industry might again increase and absorb some of. the 
unemployed. 

His analysis of the causes of business inflation and deflation is 
presented in simple terminology, and, while comprehensive in its 


scope, is concise in form 


Dr. Sperry as We Knew Him. Compiled by the Japanese Memorial 


Book Committee. Japanese section edited by Zenichi Kawi 
guchi; English section, by Russell L. Durgin. Published by thé 
Nichi-Bei Press, Yokohama, 1931 177 pp [H-3] 


To the late Elmer A. Sperry’s countless friends all over the 
world who read this book m t come a feeling of gratitude t the 
group of prominent me n Japan who have collaborated in the 
preparation of this splendid portrayal of Dr. Sperry’s life, char 
acter and work. 

Dr. Hideo Takeda, chairman of the Memorial Book Committee, 


explains in the foreword that 


Since it wa not the ntent I if the committee to 
duce any regular biographical sketch of his life, we have 
recorded neither tl deta of his wonderful inventior nor 
a minute account f his achievements. The aim of the 
volume has been to state the relation and merits of his 
deas and works as they have iffected our country, and } 
character and personality a t is reflected in the eye 
Japanese friend It was only to define Dr. Sperry iS 
knew him,’ and in one ense the work may be said to 
but a simple llaboration of reminiscences growing out 
of his connectior with Japar 
Dt Takeda further tates that n Japan, besides Dr Sperry 
renown as an engineer nventor and philanthropist, “we rever‘ 
him ; a sincere and sympathizing friend of our country 


PASSENGER CAR 
The Gasoline Automobile. By Ben G. Elliott and Earl L. Consoliver. 
Published by the McGraw-Hill Book Co., Inec., New York City 


and London; fourth edition, 1932; 605 pp., illustrated [L-3] 
Since the first edition was brought out in 1915, this work has 
had a total issue of 113,500 copies; therefore, it is sufficient to 


state that in the new edition the authors have adhered to thé 
primary objective of presenting a textbook for the teaching and 
study of the fundamental principles and ideas upon which the 
modern motor-vehicle is designed, constructed and operated. 

In each succeeding revision, Professor Elliott has brought the 
text to the new levels of the changing times. The present revision, 
therefore, not only brings the technical and mechanical develop- 


ments uptodate, but takes account of the general social and eco- 


nomic setting 
Gasoline Automobiles. By James A. Moyer. Published by the 


McGraw-Hill Book Co., Inc., New York City and London, fourth 

edition, 1932; 509 pp. [L-3] 

The purpose of the author is to present clearly and briefly the 
essential principles of automobile construction and operation, 
with the expectation of furnishing practical help to drivers who 
wish to undertake their own repair work. 

In the present edition, the book has been extensively rewritten, 
all of the pages have been reset, and many new illustrations 
added All of the important improvements that have been intro- 
duced within recent years are included, and other related topics 
such as detonation, turbulence, hydrogenation, vapor lock and 


humidity effects on engine power are treated. 
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WHERE PERFORMANCE TAKES PREFERENCE OVER PRICE 


STARTS AND STOPS...they’re quite 
frequent in the heavy duty service this 
A.C.F. H-7 Metropolitan All-Steel Coach 


which assures long life service 

at the lowest cost per bearing mile. 

SAIS Bearings are free from wear and 

meets in city traffic daily. Andthis sort never require adjustments. These two 

of operation certainly puts some pretty _ features insure smooth, quiet operation 

gruelling demands on the clutch pilot with a minimum of maintenance and 

| bearing. The SSF Bearing used the elimination of schedule 
| 


for this location clearly demon- interruptions from bearing 
© : ‘ , 
You may buy abearmg Strates that SASS Performance failure... important considera- 


§ a barge b ) ane ° : . 
asa renin uty ané Takes Preference Over Price. tions where bus operating 
costs must be kept at the lowest 


it, for nothing is apt to There is an ample reserve of 
possible level. 


cost so much as a bear- 


ing that cost so little, Stamina in every SSF Bearing 
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SKF INDUSTRIES, INC. 40 EAST 34th STREET, NEW YORK, N. Y. 





Ball and Roller Bearings 
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to receive various awards from the institute for their ac- 
| complishments in sciences and the mechanical arts. 

Edward V. Rickenbacker, having resigned as vice-presi- 
dent and director of sales of the General Aviation Mfg. 
Corp., of New York City, was recently elected vice-president 
of the Aviation Corp., also of New York City. 


P. B. Rogers was recently elected vice-president in charge 
of engineering and also a member of the board of directors 
of the Great Lakes Aircraft Corp., of Cleveland. His pre- 
vious position was that of chief engineer of the corporation. 
poration. 


a — 


George T. Rolan has been appointed supervisor of com- 
pany service stations for the Rusk-Lehigh division of the 
Vacuum Oi:l Co., Inc., at Allentown, Pa. His former con- 
nection was with the Cadillac Motor Car Co., in Brooklyn, 
N. Y., as owner-contact man. 

Herbert Scheel is now in the sales engineering depart- 
ment of the Zenith Petroleum Works, of Dallas, Tex. He 
was formerly sales engineering manager of the Superblend 
Petroleum Corp., of Dallas. 


Alois H. Schmal, having relinquished his position as ex- 
ecutive engineer with the International Motor Co., at New 
Brunswick, N. J., is now connected with the S K F Indus- 
tries, Inc., of New York City, and is in charge of the auto- 
motive division of the engineering department. 








Ouick Starts 


and many of them 


Willard 





Adolf G. Schneider, who was chief designer of the J. H. 
McCormick Co., of Williamsport, Pa., is now connected with 
the Northern Pump Co., of Minneapolis. 

A. R. Smythe, formerly sales manager of the Imperial Oil 
Co., Ltd., of Toronto, Canada, has been appointed manager 
of the company’s motor equipment department. 


Curtis C. Stewart has relinquished his transportation- 
engineering connection with the Lapeer-Trailmobile Co., of 
Chicago, and is now general manager of the Cartage Ex- 

| change of Chicago, an association of motor-truck oper- 
ators of that city. 





C. W. Stratford, who used to be manager of the Stratford 
Engineering Co., of Kansas City, Mo., has established in 
Paris and is at the head of the Alco Products International, 
formed for the purpose of selling petroleum-refining 


tation for the Langendorf United Bakeries, of San Fran- 
cisco, is now superintendent of transportation for the Old 
| Homestead Bakery, of the same city. 


James S. Watson, vice-president of the Link-Belt Co., in 
charge of the company’s Dodge Works in Indianapolis, has 
been made vice-president and general manager of the com- 
pany’s two chain factories in that city—the Dodge and the 
Ewart Works. 

Theodore A. Wells, who was project engineer of the Cur- 
tiss Wright Airplane Co., of Robertson, Mo., has been ap- 
pointed chief engineer of the Beech Aircraft Co., of Wichita, 
Kans. 

Gilbert A. Worrall, formerly manager of the New Zealand 
division of the White Motor Co. at Wellington, is now man- 
ager of the Albany, N. Y., branch of the company. 











Don’t Forget 





B. C. A. Angular Contact and Thrust Biindes s . , & ay Meet 
8 S. A. E. Summer Meeting 


B. C. A. Angular Contact Bearings render unusual 
service in the clutch throwout under increased loads 
occasioned by Free-wheeling and automatic controls. 


June 12-17, 1932 


Bearings Company of America , White Sulphur Springs, W. Va. 


Lancaster, Penna. 







equipment in Europe. 
P. S. Vail, formerly general superintendent of transpor- 





See p. 13 for complete program 
Detroit, Mich. Office: 1012 Ford Bldg 
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SHAKEPROOF 





Type 12. Internal. For S. A. E. 
and Standard Machine Screws 


Type 11. External. For Stand- 
ard Bolts and Nuts 


Type 15. Countersunk. For all 
Countersunk Screws 


Type 20. Locking Terminals. 
For Radio and Electrical Work 


U. S. Patents 
1,419,564—1,604,122 
1,697 ,954—1,782,387 


Other Patents Pending. Foreign Patents. 
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OU cannot judge the value of lock washers by fig- 
ures— it’s performance that counts. That’s why 





leading manufacturers, who know what Shakeproof 
protection means, refuse to consider any cheap inferior 
substitute for their products. They have learned by years 
of experience that the patented twisted teeth of this 
dependable lock washer provide an absolutely tight 
connection which vibration cannot budge. ‘GB 


Give your product a chance—specify Shakeproof Lock 
Washers under every nut and screw. It will mean im- “1s se 
proved performance, less service expense and greater — Teeth that 


customer good will. If 
you doubt this, Send for 
testing samples today 
and see the difference 
with your own eyes. 
Mail the coupon now! 


Shakeproof Representatives are 
located in the following cities: 
New York City Philadelphia Boston 
Pittsburgh Schenectady Milwaukee 
Detroit Toledo Cincinnati Cleveland 
Birmingham, Ala. Dallas, Texas 
Seattle Los Angeles San Francisco 
Toronto, Ontario, Canada 






Twisted 
LOCK” 


SHAKEPROOF 
Lock Washer Company 


{Division of Illinois Tool Works} 
2507 North Keeler Avenue Chicago, Illinois 
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HAD SWEDGED TERMINALS 


YOUR TUBING 
PROBLEM? 


Have you an infrequent operation—or a 
too costly part—or need a new design? 


Perhaps we can find your answer. Get 


The actual photo, above, of the new HAD Swedged Snap Ter 
, a ge " ” x 4 cated parts. 

minal . . . (enlarged six times) clearly shows how tightly 

the copper wires and the brass portion cf the terminal are 


SWEDGED together at the top! 


In fact, the top is one solid piece of metal . with only a WOLVERI Eee 
+, . ~ 


difference of color showing where the copper and brass meet! Or Micon St 


SEAMLESS COPPER Pe » \A BRASS & ALUMINUM 
: - : . e i — ‘we 
Here is the perfect, non corrosive, solderless and economical 1445 Central Ave. \\ i Detroit, Mich. 
Swedged Snap Terminal! For we furnish the full equipment for 3 A 
Swedging! Just drop us a line and we'll gladly tell you all about Neess 


them! 
Sales Offices: Cleveland; Chicago; Atlanta; Los Angeles; 
Denver; Dayton, Ohio; New York City; Dallas, Texas 



















our prices—on lengths, coils or fabri- 
| 





HOD H.A.DOUGLAS MFG. CO. HD 





BRONSON, MICH. 
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Crank Shafts 


AND 
HEAVY DIE FORGINGS 














The Park Drop Forge Co. 
Cleveland, Ohio 
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“EXPERIENCE 
ESSENTIAL...” 


When you have a big job to be done, you go after an 


Engineering Aid 





experienced man to do it. An engine does the work 
of many men. That is why you should say “experi- 


ence essential” when you buy one. 










Continental has produced more than 3.000.000 en- | 
gines in the past 30 years. They have worked on 


every conceivable type of job. Experience is the 


FORGINGS 


While your drop forgings are still on 


fundamental reason for the excellence which char- 
acterizes every Continental engine. You can benefit 
by this thorough knowledge of many jobs in many paper, that is the time to insure eco- 
fields by specifying Continental. nomical production. Call in Atlas men 
for assistance in design and metallurgi- 
cal specifications. They will show you 
specific examples of savings made for 
others and may find some way to lower 
vour machining costs. 
— 


ATLAS 


DROP FORGE CO. 


LANSING* MICHIGAN 


_ 


f The name “Conti- 

nental” is synony- 
mous with the word “ex- 
perience.” It guarantees 
real performance and a 


dependable, economical 





source of supply. 


[ontinental Fngines 


Continental Motors Corporation, Detroit, Michigan 






The 
ENDURO wine a ee 


REPUBLICS PERFECTED 
STAINLESS STEEL 





Not too expensive for the lowest 
priced car, yet fine enough for the 
most distinctive custom made body. 


ENDURO, ic’s 1 1 
: URO A Republic ° Perfectec x YAMES WATT had a steam engine to sell. @ “How much 
Stainless Steel, brings permanent . 





will she pull?”’ asked the Cornish mine owner. “Don’t 


beauty that is reflected in increased } forget, a good horse will lift 2200 pounds of coal 100 


sales. feet a minute.” ({ “As much as ten horses,” said Watt. @ And, 
to make sure, he built his ten-horse engine large enough to do the 
Bor Ritesutecs Watts te work of fifteen horses. ({ He set the pace for conservative ratings, 

eas ’ en : and he set the measure of mechanical h i 
CENTRAL ALLOY DIVISION ee er ae ee. 


MASSILLON, 0. WAUKESHA ENGINES 


.. . All power ratings are both conservative and thoroughly de- 


pendable. Write for Bulletin 827, Waukesha Motor Company, 
REPU BLIC STEEL Waukesha, Wisconsin. 


CORPORATION 


GENERAL OFFICES “ZARB” YOUNGSTOWN, OHIO 








taxa’ 


REAL HORSE POWER NOT PAPER HORSE POWER 
REET 








































































































Absorbers, Shock 
Delco Products Corp. 
Watson Co., John Warren 


Acid, Chromic 
Vanadium Corp. of America 


Alloys, Alaumino-Vanadium 
Vanadium Corp. of America 


Alloys, Babbitt 
Federal-Mogul Corp. 


Alloys, Cupro-Vanadium 
Vanadium Corp. of America 


Alloys, Ferro-Chrome 
Vanadium Corp. of America 


Alloys, Ferro-Molybdenum 
Vanadium Corp. of America 


Alloys. Ferro-Silicon 
Vanadium Corp. of America 


Alloys, Ferro-Tuangsten 
Vanadium Corp. of America 


Alloys, Ferro-Vanadium 
Vanadium Corp. of America 


Alloys, Silico-Manganese 
Vanadium Corp. of America 


Ammeters 
A C Spark Plug Co 
General Electric Co. 


Axles, Front 
Atlas Drop Forge Co. 


Axles, Rear, Motor-Truck 
Park Drop Forge Co. 


Balls, Steel 
Federal Bearings Co., Inc. 
New Departure Mfg. Co. 


Bands, Steel 
Bethlehem Steel Co. 


Bars, Bronze 
Federal-Mogul Corp. 


Batteries, Farm, Lighting 
Willard Storage Battery Co 


Batteries, Storage 
Willard Storage Battery Co 


Bearings, Babbitt and Bronze 


Federal-Mogul Corp. 


Bearings, Babbitt Metal 
Federal-Mogul Corp. 


Belts, Fan rf 
Russell Mfg. Co 


Belting, Rubber, Canvas , 
Russell Mfg. Co | 





Republic Steel Corp 
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rankshafts 
Atlus Drop Forge Co 
Park Drop Forge Co } 


Jeflectors, Draft 
Dole Valve Co 


Greases 


Blanks, Gear ; Differentials 
Bethlehem Steel Co. |} New Process Gear Co., Inc. 
Morse Chain Co 
Park Drop Forge Co. | Discs, Clutch, Steel 


Curtis Pneumatic Machinery Co 


Brake Drums Drop-Forgings 


Bethlehem Steel Co 


Brake-Lining 
Russell Mfg. Co 


Atlas Drop Forge Co 


3ethlehem Steel Co Hoists, Air 


Park Drop Forge Co. 
Spicer Mfg. Corp | 


Brakes, Air | Durometers 


Bendix-Westinghouse Automotive Air 
Brake Co. | 


General Electric Co | Dynamometers, Chassis 


Brakes, Mechanical | 


Shore Instrument & Mfg. Co 


General Electric Co 


Generating Plants, Gas Driven 


Generators (Standard Mount- 


Heaters, Automobile 















Delco Appliance Corp. 


ings) 
Electric Auto-Lite Co. 
General Electric Co. 


lexas Company, The 
Delco Appliance Corp 


Curtis Pneumatic Machinery Co 


foists, Electric 
General Electric +o 


fousings, Axle 
Park Drop Forge Co 
Pittsburgh Steel Products Co 


Bendix Brake Co | Dynamometers, Engine Hubs 


Stewart-Warner Corp 


Bushings, Babbitt 
Federal-Mogul Corp 


Bushings, Bronze 
Federal-Mogul Corp 


Cable, Insulated 
Kerite Insulated Wire & Cable Co 
Ine. 





Camshafts 
Park Drop Forge Co 





Castings, Babbitt Metal 
Federal-Mogul Corp. } 


Castings, Bronze 
Federal-Mogul Corp. 





Castings, Die 
A C Spark Plug Co. 
Federal-Mogul Corp. } 


| Castings. Grey Iron 
Timken Roller Bearing Co 


| Castings, Tin Alloy 
|} Federal-Mogul Corp 
| Chains, Block 
Morse Chain Co 
Chains, Roller 
Morse Chain Co. 


Chains, Silent 
Morse Chain Co. 








Chains, Timing and Automatic 
Adjustments 


Bearings, Ball, Angular Con-| Morse Chain Co 


tact type 
Bearings (o. of America 
Federal Bearings Co., Inc. 
New Departure Mfg. Co. 
S K F Industries, Inc. 





Cleaners, Air 
A C Spark Plug Co 


| Clutches, Automotive 
Rorg & Beck Co. 
Brown-Lipe Gear Co 


Bearings, Ball, Annular, Light, | Iong Mfg. Co 
Medium and Heavy Series Spicer Mfg. Corp 


Federal Bearings Co., Inc. 
New Departure Mfg. Co. 
S K F Industries, Inc. 


Bearings, Ball, Thrust 
Bearings Co. of America 
S K F Industries, Inc. 


Bearings, Die-Cast 
Federal-Mogul Corp. 


Bearings. Line Shaft 
S K F Industries, Inc. 


Bearings, Roller 
Hyatt Roller Bearing Co 
Rollway Bearing Co., In 
S K F Industries, Inc. 


Bearings, Roller Radial 
Rollway Bearing Co., Inc 
Timken Roller Bearing Co 


Bearings, Roller Thrust 
Rollway Bearing Co., Inc 
Timken Roller Bearing Co 


Bearings, Tapered Roller 
Timken Roller Bearing Co 





Compressors, Air 
Curtis Pneumatic Machinery ( 
General Electric Co 


Conduits, Flexible, Non- 
Metallic 
General Electric Co 


Connecting-Rods 

| Atlas Drop Forge Co 

| Rohn Aluminum & Brass Corp 
Park Drop Forge Co 


| 
| Control Sets, Automotive 
Brown-Lipe Gear Co 


Cooling Systems 
G & O Mfg. Co 
Long Mfg. Co 


| Couplings, Flexible 
| Morse Chain Co 
Spicer Mfg. Corp. 


Couplings, Tubing 
Dole Valve Co. 





I 
| Cranes, Pneumatic 
Curtis Pneumatic Machinery Co. 


Engines 


| Felloe-Bands, Motor-Truck, 


| Fuses, Electric 
| Gages, Gasoline 


| Gages, Oil 


Gages, Thermo 


General Electric Co 


Atlas Drop Forge Co 
Park Drop Forge Co 


Continental Motors Corp Ignition Apparatus 


Waukesha Motor Co 


Waukesha Motor Co 


Delco Appliance Corp 


| Engines, Industrial Instruments, Scientific 


Shore Instrument & Mfg. Co 


Equipment, Arc-Welding Insulation, Electric 


General Electric Co 


General Eleotric ‘« 


Facings, Clutch Joints, Universal 


Russell Mfg. Co 


Fans, Electric 
Delco Appliance Corp. 


Pneumatic Tire 
Motor Wheel Corp 


Filters, Oil 
A © Spark Plug Co 


Furnace, Automatic Electric | 
General Electric Co 


General Electric Co 


A O Spark Plug Co 


A C Spark Plug 





A © Spark Plug Co. 


Gas Electric Drive 
General Electric Co 


Gas Systems 
Delco Appliance Cort 


Gasoline, Aircraft 
Texas Company, The 


Gasoline, Motor Vehicle 
Ethyl Gasoline Cory 
Texas Company, The 


Gearboxes, Power Take-off 
srown-Lipe Gear Co 


Gears, Bevel 
Park Drop Forge Co 


Gears, Composition 
General Electr Co 


Gears, Differential 
New Process Gear Co., Inc 
Park Drop Forge Co 


Gears, Fibre 
General Electric Co 


| Gears, Reduction 
Morse Chain C« 
Waukesha Motor Co 


Gears, Steering 
toss Gear & Tool Co 


Gears, Timing 
| General Electric Co 


Gears, Transmission 
Park Drop Forge Co 


|} Lamps, Electric Incandescent 


Spicer Mfg. Corp 


Lacing, Hood and Radiator 


Russell Mfg. Co 


General Electric ‘o 


Lifts, Automobile 
Curtia Pneumatic Machinery Co 


Lubricants 
Texas Company, The 


Lubricating Systems 
Alemite Corp 


Machines, Power Transmission 
Morse Chain Co 


Molybdenum, Metallic 
Vanadium Corp. of America 


Motors, Electric 
Delco Products Corp 


Nails 
jones & Taughlin Steel Corp 


| Ovens, Electric 


General Electric ('o 


| Panels, Instrument 


A C Spark Plug Co 


| Pinions 


General Electric Co 


Pinions, Startting-Motor 
Electric Auto-Lite Co 


Pipe Fittings 
liteflex Metal Hose Co 


Piston-Rings 
Piston Ring Co 


Pistons, Alaminum 
Bohn Aluminu & Brass Corp 


Powerplants, Industrial 
Waukesha Motor Co 


Power Take-Offs 


Brown-Lipe Gear Co 


| Primers 


Dole Valve Co 


Propeller-Shafts 


Spicer Mfg. Corp 


Pumps, Fuel 


A © Spark Plug Co 


Pyroscopes 


Shore Instrument & Mfg. ©o 


ntinued n page ) 





Manufacturers of Products Conforming to S.A.E. Specifications 


Advertisers whose products conform to S.A.E. specifications are also listed in the S.A.-E. Handbook List of Manufactur- 
ers, beginning on page 675, of the 1931 issue of the Handbook. 


The addresses of companies listed in this index can be obtained from their current advertisements indexed on page 52. 
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TEXTOLITE 
TIMING 


GEARS 


| GENERAL @ ELECTRIC 
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Gear 


7... best design is the simplest. The fewer the parts, 


especially if moving, the greater the reliability, the 
less the wear. 


The nonmetallic-gear timing drive consists simply of a 
gear on the camshaft meshing with another on the 
crankshaft —sometimes with a second on the auxiliary 


shaft. No simpler design is conceivable. 


This simplicity of design combined with the extraordi- 
nary lightness, resilience, and wearing qualities of the 


nonmetallic gear results in precise, permanent timing at 
low cost. 


49 


Timing Is the Simplest 


830-106 
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a INDEX TO ADVERTISERS’ 








PRODUCTS * 





Radiators 
Harrison Radiator Corp 
Long Mfg. Co. 


Rims, Pneumatic Tire 
Motor Wheel Corp. 


Scleroscopes 
Shore Instrument & Mfg. Co 


Screw-Machine Products 
New Process Gear Co., Inc. 
Spicer Mfg. Corp. 


Shafts, Axle 
Atlas Drop Forge Co 
Park Drop Forge Co. 


Shafts, Propeller 
Pittsburgh Steel Products Co 
Spicer Mfg. Corp. 


Silencers, Carburetor Intake 
A © Spark Plug Co. 


Spark Plugs 
A C Spark Plug Co 


Speed Reducers 
Morse Chain Co. 


Speedometers 
A C Spark Plug Co 
Deleo Appliance Corp. 
Motor Wheel Corporation 


Spindles 


Atlas Drop Forge Co 
Park Drop Forge Co 


Spokes, Wood, Motor Track 
Motor Wheel Corporation 


Spokes, Wood, Passenger Car 
Motor Wheel Corp. 


Springs, Coiled 
Barnes-Gibson-Raymond, Inc 
Cook Spring Co. Division 


Springs, Flat 
Barnes-Gibson-Raymond, Inc 
Qook Spring Co. Division 


Sprockets, Block Chain 
Morse Chain Co. 


Sprockets, Silent-Chain 
Morse Chain Co. 


Stampings 
Cook Spring Co. Division 
Motor Wheel Corp. 
Spicer Mfg. Corp 


Stands, Tire Inflating 
Curtis Pneumatic Machinery Co 


Starting-Motor (Standard 
Mountings) 
Diectric Auto-Lite Co 


Steel Alloy 
Bethlehem Steel Co 
Republic Steel Corp 
Timken Roller Bearing Co 


Steel, Carbon 
Bethlehem Steel Co 
Jones & Laughlin Steel Corp 
Republic Steel Corp 
Timken Roller Bearing Co 


Steel, Chromium 
Bethlehem Steel Co 


Steel, Chromium Vanadium 
Bethlehem Steel Co 


Steel, Cold Drawn 
Jones & Laughlin Steel Corp 


Steel, Electric Furnace 
Bethlehem Steel Co 
Timken Roller Bearing Co 


Steel, Leaf Spring 
Republic Steel Corp 


Steel, Molybadenum 
Republic Steel Corp 


Steel, Nickel 
Bethlehem Steel Co 


Steel, Non-Corrosive 
American Stainless Steel Co 
Bethlehem Steel Co 


Steel, Open Hearth 
Bethlehem Steel Co 
Jones & Laughlin Steel Corp 
Timken Roller Bearing Co 


Steel, Rivet 
Bethlehem Steel Co 


Steel, Special Analysis 
Timken Roller Bearing Co 


Steel, Tool 
Bethlehem Steel Co 
Timken Roller Bearing Co 


Steel, Turned and Ground 
Jones & Laughlin Steel Corp 


Steel, Turned and Polished 
Jones & Laughlin Steel Corp 


Strainers, Gasoline 
A C Spark Plug Co 


Switches, Starting 
Electric Auto-Lite Co 


Tape, Insulated 
Kerite Insulated Wire & Cable Oo 


Terminals 
Douglas Mfg. Co., H. A 


Testers, Hardness 
Shore Instrument & Mfg. Cc 


Thermostats 
Dole Valve Co 


Timer-Distributors 
Electric Auto-Lite Co 


Tires, Pneumatic 
Goodyear Tire & Rubber Co Ine 


Tires. Solid 








Transmissions 
Brown-Lipe Gear Co 


Tubes, Torque 
Pittsburgh Steel Products Oc 


Tubing, Brass 
Bundy Tubing Co 
Wolverine Tube Co 


Tubing, Copper 
Bundy Tubing Co. 
Wolverine Tube Oo 


Tubing, Flexible Metal 
Titeflex Metal Hose Co 


Tubing Steel 
Bundy Tubing Co 


Tubing, Steel, Seamless 
Pittsburgh Steel Products Ce 
Timken Roller Bearing Co 


Tungsten, Metallic 
Vanadium Corp. of America 


Universal-Joints 
Spicer Mfg. Corp 


Vanadium Pentoxide 
Vanadium Corp. of Ameries 


Washers, Automobile, Air and 
Hydraulic 
Curtis Pneumatic Machinery Co 


Washers, Bronze 
Federal-Mogul Corp 


Washers, Lock 
Shakeproof Lock Washer Co 


Water Systems, Portable 
Delco Appliance Corp 


Wheels, Pressed Steel Dise 
Motor Wheel Corp. 


Wheels, Wood 
Motor Wheel Corporation 


Wire Products 
Jones & Laughlin Steel Cory] 
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Spring design calculated to do 


safely the things required the 


FNGINEERING way you need them done. 


pients for Spring Se 


COOK SPRING CO. DIV. 
ANN ARBOR, MICHIGAN 


BARNES-GIBSON-RAYMOND-ING 
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DETROIT DIVISION 
6400 MILLER AVENUE 


















































. JOURNAL 


ELECTED by auto- 

motive manufacturers 
who seek only the highest 
standards of ball bearing 
excellence. 


Neither time, money, nor 
labor are spared to make 
‘“FEDERALS” the finest 
bearings that human skill 
and modern machines can 
devise. 


“FEDERALS” are made in a large, 
modern and splendidly 
equipped factory. 


THE FEDERAL 


BEARINGS CoO., INC. 


POUGHKEEPSIE, N. Y. 


Detroit Sales Office: 2608 Book Tower 
Chicago Office: 120 N. Peoria St. 
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THOUSANDS 


OF AUTO-LITE SERVICE STATIONS 








ready to give dependable service 


In the past 21 years, millions of automobile owners have come to rely 


on the always dependable Auto-Lite service stations. They know that in 





whatever part of the country they may be, prompt and courteous atten- 


tion to their needs is ever available. 


That many manufacturers have taken advantage of the enviable Auto-Lite rep- 
utation is evidenced by the fact that millions of cars are now equipped with 
Auto-Lite starting, lighting, and ignition systems. These manufacturers realizing 
that no car can be better than its electrical system are profitably capitalizing on 


public preference for Auto-Lite. The Electric Auto-Lite Company, Toledo, Ohio. 
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= & BECK is more than the mere name 
of an automotive clutch. It is the mark of a complete, 
highly skilled, time-tested engineering service, special- 
izing in clutch design and manufacture. @ A majority 
of leading automotive manufacturers have found that 
they can specify Borg & Beck clutches safely, with 
every assurance that they will provide the utmost 
in smooth, quiet, trouble-free clutch performance. 


THE BORG & BECK COMPANY 


6558 South Menard Avenue Chicago, Illinois 


BORG €& BECK 


DIVISION OF BORG-WARNER CORPORATION 














‘THE giant engine driving the blooming mill that turns 
out the largest plates in the world is Texaco lubricated. It is an example of what 
Texaco Lubricants are doing the world over. The engineer in charge of such an in- 
stallation must be absolutely certain of the lubricants that keep this powerful machin- 
ery running. He isresponsible © Texaco Lubricants in every industry, for every special 
condition, are known for their excellent qualities. In the automotive field, Texaco 
Motor Oil stands out for its exceptionally low carbon residue content, low pour point 
and heat-resistant body. Here is a combination of qualities that means just one thing 
—effective lubricating protection every minute—hot or cold ¢ The Texas Company, 
with complete national distribution in all our 48 States, brings to the automotive in- 
dustry a constructive country-wide service that is unsurpassed. 


THE TEXAS COMPANY, 135 East 42nd Street, New York 


TEXACO LUBRICANTS 
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Potent contributors to your 
every phase of activity 
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AUTOMOBILE 


Bendix Mechanical Brakes 
Lockheed Hydraulic Brakes 
B-K Vacuum Brake Booster 
Bendix Starter Drive 
Stromberg Carburetor 
Scintilla Magnetos 


Bendix Airplane Lubrication Equipment 


Wheels and Brakes Bendix -Westinghouse 


: a Automotive Air Brake 
Eclipse Aviation 


Engine Starters and Bendix -Westinghouse 


Generators Air Horn 
; Delco Battery Ignition 
Stromberg Aircraft Carburetors y"3 
Eclipse Engine Starters and Pioneer Instruments 
Friez Weather Instruments 
t 
Generators Cowdrey Brake Tester 
Pioneer Navigation Pioneer Aircraft Instruments 


> 
H | Dp U STRIAL Instruments and Equipment 


NEW PRODUCTS 
Ventilating Equipment Friez Weather and Navigation Scintilla Magnetos 


Equipment Bendix Automatic Clutch 


Eclipse Textile Devices Delco Aviation Electric and 


: . Control 
Bendix Seamless Flexible Cory Signalling, Ignition Apparatus 


Metallic Tubing Communicating and Lighting Bendix Startix 


Morrow Coaster Brake Equipment Paragon Airplane Propellers Automatic Choke Control 


BENDIX AVIATION CORPORATION, CHICAGO — NEW YORK 








